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NOTICE TO AUTHORS OF PAPERS 


Manuscripts.—All manuscripts submitted to the 
Editor or presented to the Sections of the Assocta- 
TION should be ready for publication, typewritten 
with double spacing on one side of good quality 
paper 8.5” x 11” in size and with 1” to 1.5” margins. 
In addition to the original typewritten copy, one or 
more carbon copies should be submitted in order 
to facilitate examination by members of the Editorial 
Advisory Board or other referees. Each manuscript 
should be accompanied by an abstract of not more 
than 200 words which includes a summarization of 
conclusions and recommendations. All pages in 
manuscripts, including tables but not figures, should 
be numbered consecutively. Previously published 
and readily accessible procedures which have been 
followed in experimental work should not be made 
a part of the manuscript, but should only be referred 
to by appropriate literature references. 

Form of Presentation.—Titles of manuscripts 
should be kept as short as possibie and preferably 
restricted to one line. The name of the laboratory 
in which the work described was done should be 
placed in a footnote at the end of the first page. 
Each manuscript should begin with one or more 
introductory paragraphs indicating the intention 
and meaning of the investigation and the method 
of procedure. The introduction should be followed 
by a report of the essential details of the experi- 
mental work, and a discussion or interpretation 
where necessary. Finally there should be a brief 
summary of conclusions and recommendations. 
Authors may find it helpful to arrange manuscripts 
to conform to the style of presentation as illustrated 
in papers on analogous subjects published in recent 
issues of Turs JOURNAL. 

In preparing manuscripts for publication in Turs 
JOURNAL, center headings should be avoided as far 
as possible. Side headings followed by a period and 
dash should be indented and run into the part of 
the text to which they apply. Such side headings 
may be used as freely as desired. Literature cita- 
tions should be numbered consecutively in order of 
appearance in the manuscript and should be indi- 
cated by full-sized Arabic numerals enclosed in 
parentheses. If a literature reference is cited more 
than once in a manuscript, subsequent citations. 
should be indicated by the first number assigned 
References to footnotes throughout the text should 
be numbered consecutively by superscript Arabic 
numerals, but such references in each table should 
be designated by superscript lower case letters 
beginning with “a” and continuing in natural order. 
Literature citations should be grouped at the end of 
the manuscript under the heading “References.” 
All bibliographic references should be checked with 
the original publications. The citations should 
be numbered consecutively with full-sized Arabic 
numerals enclosed in parentheses correspoding to 
the numbers used in the text. The names of all 
periodicals cited in the list of references must be ab- 
breviated in accordance with abbreviations given by 
Chemical Abstracts in its “List of Periodicals Ab- 
stracted.”” The sequence followed in the citations 
must be as follows: 

(1) Doe, J. B., Am. J. Physiol., 79, 289( 1927). 

References to books should be in the order given 
(1) author’s surname and initials, (2) title of the 
book, (3) volume, (4) edition, (5) name of publisher, 
(6) place of publication, (7) year of publication, and 
(8) page number. A complete book reference may 
be illustrated as follows: 

(1) Gilman, H., “Organic Chemistry,” Vol. 2, 
2nd ed., John Wiley and Sons, New York, 1943, pp. 
1236, 1252. 


Arabic numerals must be used to designate all 
definite weights, measurements, percentages, and 
degrees of temperature unless occurring at the be- 
ginning of a sentence, in which case the numeral 
and measurement are spelled out. Periods of time 
should be written in words. Unusual characters 
and Greek letters should be written plainly and 
legibly or should be explained by notes on the 
margin of the page. Fractions should be written 
with a slant line. Standard abbreviations should 
be used whenever weights and measures are stated 
in the metric system, e. g., 10 Gm., 2.5cc.,ete. The 
forms to be used are: cc., Kg., Gm., mg., mcg., 
mm., cm., and L, 


Figures.—aAll drawings should be made in India 
ink, preferably on white tracing paper or cloth. 
Original drawings are preferable, but clear, well- 
prepared glossy photographic prints are acceptable. 
The size of illustrations should not exceed the 8.5” x 
11” manuscript size. They should be designed for 
reduction to the width of one column (2.75") or 
full page width (5.5"). Thus, height rather than 


width should be accentuated where possible. 


Numbers and measurements, etc., which are to 
appear on the axes of the drawing should be indi- 
cated in pencil outside the axes, in order that they 
may be setintype. Captions and legends should be 
placed below the diagram (not on it), or, if lengthy, 
collected on a separate typewritten list, identifying 
each by its proper figure number and including 
whatever acknowledgments are necessary. 


Photographs should never be rolled, and paper 
clips should not be used unless guarded by a piece of 
paper folded several times to prevent an indentation 
in the photograph. All drawings and photographs 
should be protected from bending and from the 
chance of having their edges torn while in transit. 
Do not write on the back of a photograph. Any 
indentation in the photograph, however slight, will 
be likely to show as a blemish in the reproduction. 
All figures submitted must be referred to in the text 
of the manuscript, and should be numbered consecu- 
tively with Arabic numerals, e. g., Fig. 1, Fig. 2, etc. 
Kymograph tracings should not be submitted with 
the original experimental legends which are likely 
to have been hastily or carelessly inscribed. Authors 
may find it worth while to employ a professional 
draftsman to make the drawings in proper form for 
reproduction. 


Tables.—Tables should be carefully constructed 
so that the data presented may be understood easily. 
The indiscriminate use of tables should be avoided. 
Tables should be constructed so as to occupy fully a 
single column (2.75") which will take about 40-50 
characters and spaces. Tables which require two 
columns are also acceptable. Interpretative state- 
ments should not be written on the body of a table 
but should be explained in footnotes. Column heads 
should be made as small as possible and standard 
abbreviations should be used liberally. Data which 
may easily be deduced by simple arithmetic from 
data in another column should not be included. All 
tables should be referred to in the text of the manu- 
script. Every table and every column should be 
supplied with an appropriate heading. It is not 
necessary to place tables on separate sheets, and in 
fact it is preferable to intersperse them in the manu- 
script. Tables should be numbered consecutively 
using Roman numerals. The table number and the 
title should be placed in a continuous heading 
above the data presented. The preparation of a 
clear and concise table of data requires much plan- 
ning and infinite care. 
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Determination of Vitamin D by a Chemical Method 
Involving Chromatography and Color Inhibition’ 


By J. B. WILKIE, S. W. JONES, and O. L. KLINE 


A method for the determination of vitamin D applicable to pharmaceutical products is 


described in detail. The 
and color measurement by a 
is the use of acetic anhydri 
D-SbCl, reaction, providing a reaction 


the reaction. Of particular concern are the purity 


method involves saponificatio 


nm, extraction, chromatography, 
ide test. An im feature 


modified antimony trichloride portant 
le which inhibits boy meee 5 and selectively the vitasain 


y improves the specificity of 
color reagent, and the adsorption 


index of the magnesium oxide and alumina adsorbents used in the chromatography. 
Data ave possess showing stability of vitamin D in the chromatography, the effect of 


acetic 


ydride in the color reaction, and the validity of corrections based 


upon the 


acetic anhydride blank, and upon absorption differences at 500 and 550 my wave- 


lengths. 


The character of the vitamin A de 


gradation interferences is discussed and 


analytical results of the method applied to a series of pharmaceutical products are 


com pa 


ee ATTEMPTs to prescribe a means of 
estimating Vitamin D, either colorimet- 
rically or spectrophotometrically, have, at best, 
been only partially successful, and the official 
methods for this vitamin continue to employ 
biological procedures. Several years’ effort in 
this laboratory have resulted in refinements of 
previously described approaches that now permit 
application of the colorimetric method to. phar- 
maceutical products of low potency. It is possible 
to carry out determinations with samples con- 
taining less than 1,000 U. S. P. units of vitamin D. 

The color reactions of both vitamin D, and 
D; with SbCl, have been the basis for a number 

* Received April 14, 1958, from the Division of Nutrition, 
Food and Drug Administration, De ment of Health, 
Education, and Welfare, Washington, D. C. 

We are pleased to acknowledge the interest and help of a 
number of our colleagues who contributed in many ways to 
the progress of these studies. We particularly thank Mr. 
Glen Shue, Mr. Walter Morris, and Dr. Leo Friedman for 
their assistance 

We also acknowledge, with thanks to Dr. James Waddell! 
of the Dupont Company, Dr. Norris Embree, Distillation 
Products, Inc., Dr. Saul Rubin, Hoffmann-La Roche, and 
Dr. Irwin Olcott of Dawe's Laboratories, the contribution of 


vitamin A or vitamin D preparations of specified purity that 
were invaluable in the development of these studies. 


with bioassay values. 


of studies that are comprehensively reviewed by 
Ewing, ef al. (1). Among these, the work of 
Nield, ef al. (2), showed improved sensitivity 
and reproducibility of the reagent with the use 
of acetyl chloride with chloroform. In later 
work from this laboratory, DeWitt (3) found that 
ethylene dichloride had a stabilizing effect 
when substituted for the chloroform solvent. 

A different color reaction was described by 
Sobel, Mayor, and Kramer (4) who used glycerol 
1,3-dichlorhydrin with acetyl chloride, and by 
Campbell (5) who further studied this reaction 
with vitamin D, improving sensitivity by selec- 
tion of a suitable wavelength for color measure- 
ment. 

Greene (6), in dealing with many phases of the 
vitamin D determination, developed an iodine 
trichloride reaction, but found it less sensitive 
and less specific than SbCl). 

Several attempts to apply paper chromatog- 
raphy have been made (7-9). Experience with 
it in our laboratory indicated that separation was 
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not sufficiently quantitative to serve as a basis 
for an analytical method. 

Attempts to make use of direct spectrophoto- 
metric measurement of vitamin D even after 
chromatographic purification (3, 6, 10) have 
been applicable only to high potency materials. 
Ewing, ef al. (11), in a later report, state that 
“for samples containing less than about 4,000 
U. S. P. units of vitamin D per Gm. of oil the 
error begins to rise rapidly, and this value may 
be taken as a lower limit for the satisfactory de- 
termination of vitamin D in oil samples.” 

Thus the problem of applicability to phar- 
maceutical products resolves itself primarily to 
quantitative separation of vitamin D from in- 
terfering substances, principally vitamin A and 
its degradation products. Adsorption column 
chromatography of the nonsaponifiable fraction 
has been most useful for such separations. 
Ewing, ef al. (11), employed a dual column pro- 
cedure with superfiltrol separation followed by 
alumina. These workers observed that the 
interferences not removed by this chromatog- 
raphy were of two kinds. The first was a res- 
idue in the oil, and the second the decomposition 
product of vitamin A formed in the superfiltrol 
column. 

Refinements in 


saponification, chromatog- 


raphy, and colorimetry have been the subject 
of extensive studies in this laboratory, and 
now provide a basis for workable procedures. 
The method described here allows a more quanti- 
tative separation of the vitamin A degradation 


products than previous methods. This separa- 
tion problem cannot be avoided in providing a 
method useful in control programs since, in most 
pharmaceutical products, vitamin D is accom- 
panied by vitamin A. Furthermore, vitamin A 
is useful as a guide in the chromatography. It 
has not been possible during chromatography 
entirely to prevent or eliminate vitamin A deg- 
radation products that have both chromato- 
graphic and spectral characteristics closely simi- 
lar to those of vitamin D. 

Specificity of the colorimetric step was greatly 
improved when it was observed that acetic an- 
hydride quantitatively inhibits the color reaction 
of SbCl, with vitamin D measured at 500 mu, 
but not the reaction with the major interfering 
substances which are principally vitamin A 
decomposition products. 


PRINCIPLE OF METHOD 
The method requires a sample containing approxi- 


mately 1,000 to 2,000 U.S.P. units (25 to 50 mcg.) 
of vitamin D for the best precision, but one-half 
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this amount can be determined by concentration 
of the final eluate fraction. 

Saponification is carried out in alcoholic-KOH 
with 20 minutes’ refluxing. 

The nonsaponifiable fraction in petroleum ether 
is chromatographed, first on MgO that has been 
standardized with respect to its adsorptive power, for 
separation of vitamin D from vitamin A and extra- 
neous substances. In a second chromatographing 
on alumina, vitamin D is separated from some of 
the fluorescent degradation products of vitamin 
A present in the sample or formed on the first col- 
umn. 

The vitamin D in the second column eluent is 
made to react with the acetyl chloride-antimony 
trichloride reagent to form a color, measured at 
500 my by a procedure involving use cf an internal 
standard. Acetic anhydride completely inhibits 
this reaction, providing a reaction blank, and an 
additional minor correction of the absorbance 
value depends upon a reading at 550 my, to elimi- 
nate any effect of decomposed vitamin A that may 
escape separation in the chromatography. The 
vitamin D reference solution in ethylene chloride 
is evaluated in each determination by multiplying 
the absorbance at 270 my by a factor that has been 
carefully determined. 


METHOD 
Reagents 


Vitamin D Reference Solution.—Ethylene di- 
chloride solution of crystalline calciferol or vitamin 
D,. Prepare Stock Solution I to contain 25 mg. 
in each 100 ml. of petroleum ether or 10,000 units 
per ml. The Reference Solution is prepared by 
placing 1 ml. of Stock Solution I in a 50-ml. volu- 
metric flask, removing the petroleum ether with a 
stream of nitrogen, then making to a volume of 50 
ml. with ethylene dichloride, to contain 200 units 
of vitamin D per ml. or 5 mcg. per ml, All reference 
solutions are stored in the refrigerator. 

KOH.—50% by weight, (780 Gm. /liter). 

Ethylene dichloride.— 1 ,2-dichloroethane. 

Cottonseed Oil.— Used as stabilizing agent of high 
antioxidant value, and must have a value of not less 
than 0.2 when measured in the following test: to an 
18-mm. test tube add 0.2 ml. of 0.1% aqueous 
FeCl, .6H,O, 1 ml, of 0.1% a,a-dipyridy! in absolute 
ethanol, and 5 ml. absolute ethanol. Shake, and 
after 5 minutes read absorbance at 520 my against 
absolute ethanol set at 100. Then add 0.1 ml. of a 
solution containing the nonsaponifiable fraction of 
1 Gm. cottonseed oil per ml. in petroleum ether. 
After 5 minutes, read the absorbance, and obtain 
the absorbance value by subtracting the blank 
reading. Store in a refrigerator with minimum 
exposure to air. 

Adsorbents—MgO.—-SeaSorb 43 (Westvaco Co.) 
heated in a muffle furnace for three hours at 600°. 

Alumina Hyfio-Supercel.—( Johns Manville indus- 
trial filter aid). 

Alumina.—Alcoa grade F-20. 

Treated Alumina.—Alcoa grade F-20. Generally 
the grading or mesh size distribution of this product 
is satisfactory. However, not more than 50% of the 
material should pass a 160-mesh sieve and the 
material passing the 100-mesh sieve but not the 
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160-mesh sieve should approximate 50%. The 
remainder should fall between 60- and 100-mesh. 
The selected alumina is heated in a muffle furnace 
for three hours at 600°, and after partial cooling, 
placed in a tightly closed screw-cap glass jar. 
After it reaches room temperature the material is 
sieved through an 80-mesh screen, weighed, then 
placed in a tared, screw-cap glass jar filled to not 
more than two-thirds capacity. Distilled water is 
added, dropwise, with frequent shaking of the 
capped bottle, until the material contains 3% added 
water. Shaking is continued for at least fifteen 
minutes so that no lumps remain, and the material is 
uniform. After standing overnight, tightly capped, 
the material when tested has an adsorption index 
within the range 30 to 40. Since a change in mois- 
ture content affects the adsorption index of the 
reagent, the container must be kept tightly closed, 
except when removing a portion for use. 


Test for Adsorption Index of Alumina 


Ten centimeters of the adsorbent to be tested 
is added and tapped into a settled position in a 
chromatographic tube 6 mm. (inside diameter) x 20 
em. plugged at its tip with glass wool. One milli- 
liter of solution containing 20 mg./liter of the dye 
in petroleum ether (F & D Yellow No. 4 of about 
99% purity) is then added to the top of the column. 
Sixteen per cent solution of U. S. P. ether in petro- 
leum ether is then added in small portions from an 
accurately filled 50-ml. graduated cylinder, while 
five inches of vacuum is applied. 

The number of ml. of this eluent to elute all 
of the dye is the adsorption index for the adsorbent 
under test. There may be some difficulty in de- 
termining the point at which all of the dye has 
been eluted from the column. This is accom- 
plished by first collecting the eluate in a 50-ml. 
beaker until all apparent color in the column is 
eliminated, and finally by collecting 1-ml. fractions 
in 1l-ml. beakers successively until, when viewed 
against a white background, the collected eluate is 
colorless. Removal of individual fractions is 
easily accomplished at 5-in. vacuum by first slipping 
the micro bell jar over the edge of the base plate. 
The total number of ml. to attain the colorless eluate 
is the required adsorption index. 

Retentiveness is both a function of the adsorbed 
water and the condition of the anhydrous alumina 
itself. The adsorbed water can be removed by 
cautious heating at 600° for three hours. Weakened 
anhvdrous alumina caused by too much heating or 
by ting over 600° should be avoided. 

hsthyl Ether.—U. S. P. grade, peroxide-free ether 
is suitable for the extraction of the saponification 
mixture. For the second column chromatography, 
ether, redistilled over KOH pellets, is required. 
To this latter reagent are added nieces of bright 
copper strip, to inhibit peroxide formation. This 
reagent is checked frequently (U. S. P. test) and, 
at the first indication of peroxides, is discarded. 

Petroleum Ether.—Must have a spectral trans- 
mission at 300 my of at least 85%, in a cuvette the 
light path of which is 1 cm., against a no-cell blank. 
Also, in the adsorbent activity test the eluent effect 
of 10 ml. of petroleum ether by itself must cause a 
movement of the visible color no more than 1 cm. 
below the surface of the column. To meet these 
requirements distillation may be necessary. 
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Eluting Solutions.— First column: 1. 0.5% abso- 
lute ethyl alcohol in petroleum ether, 2. 0.1% abso- 
lute ethyl alcohol in petroleum ether, 3. petroleum 
ether. Second column: 1. ethyl ether (redistilled 
over KOH), 2. 5% absolute ethyl alcohol in petro- 
leum ether, 3. petroleum ether. Test for Adsorption 
Index of Alumina: 16% U.§&. P. ether in petroleum 
ether. 

Adsorbent Preparation W.—A weak adsorbent 
composed of 1 part MgO and 5 parts Hyflo-Supercel 
by weight, thoroughly mixed. When tested by the 
method described below it has an adsorption index 
of 5 to 10. 

Adsorbent Preparation S.—A strong adsorbent 
composed of 1 part MgO and 1 part Hyflo-Supercel 
by weight, thoroughly mixed. When tested by the 
method described below it has an adsorption index 
of 20 to 35. 


Test for Adsorption Index of MgO Mixtures 


Pack tightly with a */i. inch tamper, under 20 
inches of vacuum, the mixed adsorbent to be tested 
into a 1.0 to 1.2-cm. tube fitted with a sealed-in 
fritted disk to a height of 1.bcm. With the vacuum 
off, add 1 ml. petroleum ether solution containing 
20 mg./liter F&D Yellow No. 4 of about 99% pur- 
ity. Add about 2 ml. of 10% absolute alcohol 
in petroleum ether from an accurately filled 50- 
ml. graduated cylinder. Increase the vacuum to 
20 inches and continue to add the 10% eluent 
until most of the dye band is eluted. Remove and 
discard the collected eluate. Collect successive 
1-ml. fractions in 1-ml. beakers until, when viewed 
against a white background, the eluate is judged 
colorless. Removal of individual fractions is easily 
accomplished at 5-in. of vacuum by slipping the 
edge of the micro bell jar over the edge of its base 
plate. The number of ml. of 10% alcohol in petro- 
leum ether to attain the first colorless eluate fraction 
is the adsorption index of the magnesium oxide 
mixture. 

Antimony Trichloride Reagent.— Solution A.— 
Using antimony trichloride, U. S. P., in a dry, crys- 
talline form, packed in a well-sealed glass-stoppered 
bottle, dissolve approximately 113 Gm. in sufficient 
ethylene dichloride to make 500 ml. To avoid 
moisture contamination, this is done quickly by 
emptying, without weighing, a previously unopened 
1/,-Ib. bottle of antimony trichloride into about 400 
ml. ethylene dichloride. Add approximately 2 
Gm. anhydrous alumina, mix thoroughly, and filter 
the solution through filter paper into a clear glass 
reagent bottle, then make to a previously marked 
500-ml. volume with ethylene dichloride. This 
solution is colorless, or nearly so, and must have a 
spectral transmittance of at least 85% at 500 my, 
measured against the ethylene dichloride solvent. 

Solution B.—In a hood add 100 ml. acetyl! chloride 
to 400 ml. ethylene dichloride with mixing, and store 
in a glass-stoppered bottle. 

Color Reagent.—Mix, at least one-half hour before 
use, 45 ml. of Solution A and 5 ml. of Solution B, and 
keep in a glass-stoppered flask tightly stoppered 
until needed. This solution is satisfactory until 
it becomes colored. It is best to prepare it fresh 
on the day of use, although it may be useful over 
a period of a week. 

Color Inhibitor—A solution containing equal 
volumes of acetic anhydride and ethylene dichloride. 
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APPARATUS 


Chromatographic Tubes 


Tube for First Column Chromatography.—2.5 cm. 
in diameter x 20 to 30 cm. in length, with coarse 
fritted disk, and sealed to an 6 mm. x 5 cm. exit tube. 

Tube for Second Column Chromatography.—6 
mim. (inside diameter) x 20 cm. in length, with the 
lower 5 cm. pulled out to form a tapered constricted 
exit. About 1 cm. of the upper part of the con- 
stricted section is plugged with glass wool. 

Tube for MgO Adsorption Index Test.—1 cm. in 
diameter by 10 cm. in length, with medium fritted 
disk, and sealed to an 8 mm. x 5 cm. exit tube. 


Supgiemannsy Evaporation and 
romatographic Apparatus 


A vacuum micro bell jar large enough to hold a 
100-ml. beaker is used in applying the vacuum and 
collecting the eluates. The vacuum either from the 
line or from a water vacuum aspirator is controlled 
by a vacuum gauge and a screw clamp bleeder. 
A stopeock or screw clamp bleeder on a T tube may 
be used to control the vacuum delivery to the gauge 
and chromatography assembly. Fifty- or 100-ml. 
beakers, a water vacuum aspirator attached to a 
vacuum gauge, and a three-way stopcock device 
with interchangeable florence flasks having standard 
glass joints may be used to expedite change of sol- 
vents (12). The use of manual automatic pipets is 
important because of the obnoxious or potentially 
harmful nature of the reagents and solvents used. 

Ultraviolet Lamp.—A lamp source of weak ultra- 
violet is required for observing the fluorescent bands 
on the chromatographic column. The lamp should 
provide radiation in the longer (300 my) region. 
Suitable lamps may be constructed or are commer- 
cially available. For commercial lamps a narrow 
aperture or screen may be necessary to reduce the 
amount of destructive radiation. 


Standardization of Test Tubes for 
Photometric Measurement 


Photometrically matched tubes are required. 
A solution of F&D Orange No. 2 is particularly 
useful for this purpose. 

Photometer.—Any direct reading photometer or 
monochrometor which has a sufficiently narrow ab- 
sorption band at 500 and 550 my to provide linearity 
is suitable. 


PROCEDURE 
Sample 


A desirable size of sample is one that contains 
1,000 to 2,000 units of vitamin D. A smaller 
amount can be determined by reducing the volume 
of the final solution used for color measurement. 
However, the concentration of the final solution 
should not fall below 50 units per ml. A condition 
to be observed also is the amount of vitamin A 
contained in the sample. If the sample contains 
little or no vitamin A, approximately 3,000 units 
are added to provide the pilot bands necessary in the 
chromatography. However, the total amount 
present must not exceed the capacity of the first 
adsorption column which is usually in the range of 
20,000 to 25,000 U. S. P. units of vitamin A. 
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Capsules or tablets are disintegrated by adding 
10 ml. H,O, warming on a steam bath with the 200- 
ml. Erlenmeyer flask at an angle, for ten minutes. 
It may be necessary to crush them with a flattened 
glass rod, and to warm for an additional five minutes. 
A metal! clamp on the neck of the flask is useful for 
holding the flask at an angle, and for holding it im- 
mersed in the steam bath during the subsequent 
saponification step. 


Saponification 

To a measured amount of sample in a reflux 
flask add 1 ml. cottonseed oil, and 2.5 ml. of 50% 
KOH for each Gm. of sample taken, but not less 
than 15 ml. Then add 50 ml. of 95% ethanol for 
samples of less than 5 Gm. For samples of between 
5 and 10 Gm. of fat or oil, add 75 ml, of 95% ethanol. 
Boil vigorously twenty minutes (thirty minutes 
for 5 to 10-Gm. samples of fat or oil) immersed in a 
steam bath, with a suitable reflux condenser. 
Cool the saponification container. Transfer con- 
tents to a 500-ml. separatory funnel, rinsing with 
50 to 70 ml. of distilled water in several portions, 
adding each portion to the separatory funnel. 
Then add 50 to 100 ml. of ethyl ether. Good sepa- 
ration and relative freedom from emulsions at this 
step are obtained if the volumes of water, alcohol, 
and ether are maintained in approximately a 1:1:1 
ratio. Shake vigorously and allow to stand about 
two minutes. 

Separate the aqueous layer into another 500-ml. 
separatory funnel, and extract it three more times 
with 30-ml. portions of ether, adding each ether 
layer in turn to the original ether extract. In the 
case of slow separation or emulsion formation, add 
2 to 5 ml. of 95% alcohol and swirl gently. Solid 
material in the aqueous phase is forced through the 
funnel with a wire of suitable size. 

Pour 100 ml. of distilled water through the com- 
bined ether extracts, wait five or more minutes for 
complete separation, and discharge the lower water 
layer into another separatory funnel. For 10-Gm. 
oil samples, 200 ml. of water may be necessary 
here. This aqueous fraction is then extracted 
twice with 50-ml. portions of ether and the resulting 
layers added to the original ether extract. These 
two ether extractions should be accomplished 
with vigorous shaking. Good separations will 
generally require subsequent gentle swirling with 
additions of about 5 ml. of ethanol. Allow two to 
five minutes for separations in this step. Pour 
two 100-ml. portions of distilled water through the 
combined ether extracts without shaking, allow to 
separate, and discard these aqueous fractions. 
Add about 10 ml. of water and shake vigorously. 
If there is a slight persistent emulsion formed at the 
interface, dilute by pouring water through the ether 
extract, and discard the aqueous layer. 

Where particularly persistant emulsion occurs, 
or where precipitates gather at the interface, gather 
as much as possible of this material at the interface 
by shaking with about 3-ml. volumes of water or 
dilute alkali solution. Isolate the interface mate- 
rial in a separatory funnel set aside for this purpose. 
It is important to collect in one funnel all of the 
separations of such interface material even though 
some of the solvent portions are unavoidable. This 
interface fraction is then shaken with about 25 ml. 
of petroleum ether which will likely become cloudy. 
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The cloudiness is removed by swirling with about 
3 ml. of 95% alcohol. The clear petroleum ether 
solution is then added to the original solvent ex- 
tract, and in like manner, the interface fraction is 
extracted two more times with 25 ml. of petroleum 
ether and 3 ml. of 95% alcohol, adding each to the 
original ether extract. 

Add successive portions of distilled water to the 
ether extract with gentle agitation, removing each 
until the rinse water is free of alkali as shown by 
a phenolphthalein test. Drain off the last small 
fraction of water and discharge ether extract into 
a 300-ml. tali beaker containing about 5 Gm. an- 
hydrous Na,SO,. Stir for about two minutes, and 
transfer the ether extract with ether rinsing, to 
another 300-ml. tall beaker. Evaporate the extract 
to about 30 ml. on a steam bath and transfer to the 
flask of the evaporation apparatus for final evapora- 
tion under vacuum. 

The evaporation flask is placed in the steam bath 
until a volume of 5 ml. remains. The flask is then 
placed under vacuum in a water bath at a tempera- 
ture below 40° until evaporation is complete, as 
indicated by appearance and an increase in vacuum. 
Introduce petroleum ether, dissolve the residue, 
and make to a volume of 10 ml. This is the sample 
extract. 

First Column Preparation.— Using a rod approxi- 
mately '/, inch in diameter, tamp W adsorbent 
tight!y into the large chromatographic tube, under 
25 inches of vacuum, to form a column segment 2.5 
cm. in height; make the surface level and smooth. 

Under the same vacuum add S$ adsorbent to a 
height of approximately 10.5 cm. With the sur- 
face level, press the material firmly with a cork 


attached to a glass rod so that this section is about 


8 cm. in height. The cork should have approxi- 
mately the same diameter as the tube, fitting loosely, 
to provide even pressure throughout the cross sec- 
tion of the tube. 

Complete the column by the addition of a layer 
of about 1 cm. of anhydrous Na,SQ,. 


First Column Chromatography—Sample Addi- 
tion.— With the column under 5 inches of vacuum, 
pour 30 ml. of petroleum ether on the column, 
slowly down the side of the slightly tipped tube. 
When 20 ml. of petroleum ether remain above the 
Na,SQ, layer, release the vacuum and add the sample 
extract, again pouring carefully down the side of 
the slightly tipped tube. Apply 20 inches of vacuum 
and, as the surface of the liquid disappears into the 
Na,SO, layer, reduce the vacuum to 5 inches and 
quickly add 3 small portions (2 to 5 ml.) of petroleum 
ether down the side of the tube, allowing each por- 
tion to move into the Na,SO, layer before adding 
the next. Then carefully add 25 ml. petroleum 
ether. As the surface of this addition reaches the 
NagSO, layer, add the eluting solution containing 
0.1% alcohol in petroleum ether in 10-ml. portions. 
In the period following the first addition of this 
eluent, the fluorescent vitamin A begins to move 
in a compact band, and separating ahead of 
it is a narrow yellow fluoresceat band. The move- 
ment of these bands can be followed by fre- 
quent brief inspections with the ultraviolet lamp. 
At the end of fifteen minutes increase the vacuum 
to 20 inches; and by the end of 30 minutes, the 
fluorescent bands should move one-quarter to one- 
half the length of the upper segment of the column. 
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If the lower band has moved one-half the length 
of the upper segment in less than fifteen minutes, 
its movement is retarded by substituting petroleum 
ether for the 0.1% alcohol eluent, and by 
the vacuum at 5 inches throughout the elution. 
(With some experience it is possible to make use 
of a chromatogram that develops rapidly whenever 
there is a 2 to 3-cm. separation between the bands. 
In such case, increase the vacuum to 20 inches, 
change the collection flask when the yellow fluores- 
cent band reaches the junction, and change to 
petroleum ether for eluting when the vitamin A 
band is between 1 and 2 cm. from the junction.) 

If the bands have failed to move as described 
above with the vacuum at 5 inches, add 5 mil. of 
the 0.5% alcohol in petroleum ether eluent, followed 
by 25 ml. of the 0.1% eluent, repeating this se- 
quence of additions it necessary, until movement is 
apparent, and the band has moved one-half the 
length of the upper segment. Then increase the 
vacuum to 20 inches. 

At this point the separation of the two fluorescent 
bands should be greater than 1 cm. and when the 
lower yeliow fluorescent band reaches the junction 
of the two adsorbents, the eluate is discarded 
and a clean collection beaker is placed in the bell jar. 

Elution is continued by the addition of the 0.1% 
alcohol eluent until the vitamin A band reaches a 
point 1 cm. above the junction, then petroleum ether 
alone is used as the eluent until the junction is 
reached. 

When the vitamin A band reaches the junction, 
the vacuum is reduced to 5 inches, and elution is 
continued with petroleum ether until the lowest 
tip of the vitamin A band touckes the fritted disk. 
At this point collection is discontinued, using great 
care to collect as much eluate as possible without 
including any vitamin A. 

The stem of the chromatographic tube is rinsed 
with petroleum ether into the collection beaker, 
and the eluate is transferred to the evaporation 
apparatus. 

The evaporation flask is placed in the steam bath 
and evaporation continued until a volume of about 
5 ml. remains. The flask is then placed in a water 
bath at a temperature below 40°, under vacuum, 
until evaporation is complete, as indicated by ap- 
pearance and an increase in vacuum. Introduce 
petroleum ether, dissolve the residue, and make to 
a volume of 5 to 10 ml. This eluate solution is 
used for the second column chromatography. 


Second Column Preparation.—Add to the small 
chromatographic tube 20 cm. of treated alumina, 
avoiding extending the column into the enlarged 
section of the tube. The column is made sufficiently 
compact by tapping the side of the tube during and 
after the addition of the adsorbent. 

Second Column Chromatography.—With the 
column under 20 inches of vacuum, and a 25-ml. 
collecting beaker in place, add the cluate solution 
from the first column, rinsing the flask with a small 
amount of petroleum ether. As soon as the eluate 
solution has moved into the column, reduce the 
vacuum to 5 inches, and add 2.0 ml. of reagent 
ethyl ether. When this has moved into the column 
add 7 ml. of petroleum ether and allow it to move 
into the column. Release the vacuum and remove 
the eluate, identifying it as fraction No. 1. Witha 
clean 10-ml. collection beaker continue elution, 
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under 5 inches of vacuum, with the addition of 20 
ml. of 0.1% alcohol eluent. Three separate eluate 
fractions are collected, each approximately 5 ml. 
and identified as fractions No. 2, No. 3, and No. 4. 
These fractions are precautionary to make certain 
that the chromatography is effective. Normally, 
when these fractions are exposed to the weak 
ultraviolet light, fraction 1 fluoresces strongly, frac- 
tion 2 may show some, and fractions 3 and 4 are 
without fluorescence. If fraction 3 is nonfluorescent, 
and fraction 4 shows fluorescence, then the latter 
is added to fraction 5 which is fluorescent. But if 
all fractions show fluorescence, the chromatography 
has been inadequate, and should be repeated. For 
collection of eluate fraction No. 5 in a 50-ml. 
collection beaker, 25 mi. of 5% alcohol eluent is 
added with the vacuum at 20 inches. 

Evaporate the eluate fraction No. 5 in a 50-ml. 
flask in the evaporation apparatus. The evapora- 
tion flask is placed in the steam bath until a volume 
of 5 ml. remains. The flask is then placed in a 
water bath at a temperature below 40°, under 
vacuum, until evaporation is complete, as indicated 
by appearance and an increase in vacuum. Alter- 
nately, the eluate fraction may be evaporated on 
a steam bath to a volume of about 2 ml. The 
beaker is then removed from the steam bath and 
evaporation is completed under a light stream of 
nitrogen. Introduce 5 ml. of ethylene dichloride, 
dissolve residue, and transfer to a 10-ml. volumetric 
flask, rinsing with several smail portions of ethylene 
dichloride. Make to a final volume of 10 ml. 
This is the sample solution to be used in the color 
reaction. 

Color Reaction.—All colorimetric measurements 
are made in the same tube or in matched tubes. 
The tubes must be rinsed with ethylene dichloride 
three times after each use. Exactly thirty seconds 
after the addition of the color reagent, the trans- 
mittance reading of 500 my is taken with the in- 
strument set at 100% transmittance with ethylene 
dichloride. A second reading is made at 550 my 
within ninety seconds after the color reagent 
addition. An internal standard is used to compen- 
sate for possible sample effects on color development. 
The color reagent is added rapidly. For this, a 
device such as a 10-ml. graduated cylinder cut off 
at the 7-ml. mark is practical, or an automatic 
measuring pipet may be used. The three color 
reactions are carried out in the following order: 
(a) 1 ml. sample solution + 1 ml. reference solution 
+ 5ml. color reagent. (5) 1 ml. sample solution + 
1 ml. ethylene dichloride + 5 ml. color reagent. 
(c) 1 ml. sample solution + 1 ml. color inhibitor + 


5 ml. color reagent. 


Standardization of Reference Solution.—The 
vitamin D reference solution in ethylene chloride is 
evaluated in each determination by measuring its 
absorbance at 270 mg. Concentration of vitamin 
D, in units per ml., is calculated: 


Aw, 2 X 860 = units per ml. 


Calculation.—Convert transmittance readings to 
the corresponding absorbance values, then with: 


Ave 4 » 5OO = 500 my absorbance of sample solution 
+ reference solution 

= 500 my absorbance of sample solu- 
tion 


A (4, KO 
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Aw + » 300 = 500 mg absorbance of sample solution 
+ color inhibitor 
Aw 550 = 550 my absorbance of sample solu- 
tion 
Aw + » 550 = 550 my absorbance of sample solution 
+ color inhibitor 


Argr = Aw ~ rom Aw) 500 


Reference concn. (units/ml. ) os 


REF 
K (Concn. of vitamin D per unit of absorbance) 


(Aw ae Aw +) soo) = 0.67 (Aw) a Aw +) sso)] = 
(corr. S)soo 

A (corr. S)so X K = vitamin D content of sample 
solution (units/ml. ) 


Units per ml. sample solution/C = vitamin D 
content of sample, where C is the concn. in Gm., 
capsules, or tablets per ml. of colorimetrically 
evaluated sample solution of the material taken for 
analysis. 


DISCUSSION 


Preparation of Sample.— Although oils are readily 
saponified there is advantage in treating capsule or 
tablet samples with a small amount of hot water to 
speed disintegration and to reduce the time necessary 
for complete saponification. With such treatment of 
oil-insoluble coatings the twenty-minute saponifica- 
tion time is generally adequate. 

Vitamin D has been shown to be unstable on the 
MgO chromatographic column, in the absence of 
antioxidant and samples of unknown composition 
that do not contain antioxidant have been encoun- 
tered. The addition of 1 ml. fresh cottonseed oil to 
each sample assures stability of the vitamin through- 
out the procedure. Results of comparison of 
vitamin D chromatographed with and without ad- 
dition of cottonseed oil are shown in Table I. 


TasB_e I.—-RECOVERY or VITAMIN D FROM 
CHROMATOGRAPHIC COLUMN IN PRESENCE AND 
ABSENCE OF ANTIOXIDANT 








With Cottonseed Oile 
Vigaes Vitamin 
Added, Recovered, 

Units/ml. Units/ml. 

200 192 

195 
192 
191 
193 


Without Cottonseed Oil 
Vitamin Vitamin 
D Recov- 
Added, Recovered, ery, 
Units/ml. Units/ml. % 
150 129 
200 176 
200 114 
200 128 


Recov- 
ery, 





@ 1 mil. added to each sample 


Saponification.—Immersion of the saponification 
flask in a steam bath is prescribed. Incomplete 
saponification leads to difficulties in control of the 
chromatography. An efficient reflux condenser over 
a flask heated on a hot plate may cool and slow the 
process to such an extent that saponification is not 
completed in the twenty-minute period. In such a 
case the presence of a small amount of fat in the 
solution for chromatography causes rapid elution 
of the visible bands and prevents the necessary 
separation of vitamins A and D. 
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Extraction.—The procedure described is essenti- 
ally that used for fish-liver oils in determining 
vitamin A content by the A. O. A. C. method. The 
additional treatment required for samples in which 
resistant emulsions or precipitates at the solvent 
interface occur has been found quite satisfactory in 
practice. However, relatively few samples that 
require such treatment have been encountered. 

Chromatography.—The chromatographic proce- 
dure is the foundation of this method and the culmi- 
nation of long experience and many experiments. 
Important improvement resulted from the knowledge 
that sufficient uniformity may be assured by temper- 
ing the MgO with heat and Hyflosupercel, and the 
alumina adsorbent with heat and water. Adsorp- 
tive capacity of the alumina is maintained within a 
narrow and workable range by heating it it 600° 
for three hours, then adjusting the moisture content 
to 3%. Assurance of suitability of the adsorbents 
used by determining adsorption index is essential. 
Also, particle size of the alumina is important. 

Most pharmaceutical samples containing vitamin 
D also contain vitamin A. Since the method de- 
scribed here depends upon the vitamin A and yellow 
fluorescent pilot bands, a measured amount of vita- 
min A must be added to those samples devoid of it. 
Separation of all vitamin A is accomplished on the 
first column. To assure this separation it is im- 
portant that a good division is obtained between the 
vitamin A band and the yellow fluorescent band 
that moves ahead of it. In this case, the vitamin 
D moves well ahead of the vitamin A, but is too 
close to the yellow fluorescent band to permit ade- 
quate separation of these two on this column. 
The fraction eluted ahead of the yellow band elim- 
inates unidentified interference, probably sterol 
in nature. Great care and some skill are necessary 
in carrying out this chromatography successfully. 
There is evidence that the yellow fluorescent band 
material contains both colored and colorless fluores- 
cent substances. Further evidence indicates that 
these substances arise largely as degradation prod- 
ucts of vitamin A. For example, with repeated 
chromatography of the vitamin A band on the MgO 
column, additional yellow fluorescent band material 
appears in approximately the same proportion in 
each separation preceding the vitamin A band. 
We have observed this as well when starting with 
vitamin A of high purity. It is usually not difficult 
to separate the yellow material from vitamin D 
in the alumina column. It has not been possible, 
however, completely to eliminate a colorless fluores- 
cent substance from the vitamin D fraction, a 
substance which has spectral absorption in the ultra- 
violet closely similar to that of vitamin D, but which 
causes little interference in the SbC1, color reaction. 
Because of an inability to accomplish this complete 
separation, determination of absorbance of the 
vitamin D eluate fraction at 270 my is not a reli- 
able measure of vitamin D. 

In Fig. 1 are shown absorption curves for vitamin 
Ds; in ethylene chloride (Curve A) and in ethyl 
alcohol (Curve B). The yellow fluorescent fraction 
that is separated from the vitamin D fraction in the 
second column has the absorption characteristics 
shown in Curves C and D. The vitamin D eluate 
fraction, Curve E, shows characteristic absorption 
in the 270 my region, but is displaced to the right 
at the higher wavelengths. The absorption of 
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vitamin A epoxide, as described by Karrer (13). 
is represented by Curve F. That vitamin A epox- 
ide, or a degradation product of vitamin A having 
closely similar absorption characteristics, is the 
contaminant of the vitamin D eluate fraction 
from the second column chromatography is dem- 
onstrated in Fig. 2. A sample of vitamin A, free 
of vitamin D, was taken through the chromatog- 
raphy, and absorption of the fraction that would 
be expected to contain the vitamin D was measured. 
This is shown as Curve C. Again Karrer’s vitamin 
A epoxide is included as Curve B, and for reference 
Curve A is the absorption of vitamin D in ethylene 
chloride. It is quite clear that the chromatography 
used does not provide a separation sufficiently com- 
plete to rely upon direct spectrophotometric ab- 
sorption of the final eluate as an estimate of the 
vitamin D present. 

The procedure for the SbCl, vitamin D color 
reaction is essentially DeWitt’s modification (3) of 
Nield’s reaction. No other color reaction with vita- 
min D has been found to equal the sensitivity of that 
with the SbCl, acetyl chloride reagent. It is quite 
susceptible to interference, however, where vitamin 
A or its degradation products are present. We 
have learned that in the presence of acetic anhydride 
the color reaction with vitamin D is completely 
inhibited, while that with the common interfering 
substance is inhibited to a small extent or not at all. 

The effect upon vitamin D alone is shown in 
Table II. 


Taave Il.—Errecr or Acetic ANHYDRIDE UPON 
THE VITAMIN D,;-SpeCL,; REACTION 








Absorbance at 500 my 
Without Acetic 
Anhydride 
0.120 
0.237 
0.488 


Units, 
Vitamin 
D/mi. 
100 
200 
400 





Tasie IJ].—Appiication or Acetic ANHYDRIDE 
INHIBITION TO SPECTROPHOTOMETRIC EVALUATION 
or VrraMin D-SsC1, CoLor 








1. 2 

Total Absorbance 
Absorb- with 
ance at Acetic 
500 mu Anhydride 
0.272 0.076 
0.196 0.043 
0.161 0.051 
0.268 0.078 


3. 4. 
Absorbance Vitamin 
Correction D 


Absorb- 
ance 
0.181 
0.148 
0.093 
0.172 


from 550 mp 
Realing 
0.015 
0.005 
0.017 
0.018 





In Table III are given examples of absorbance 
values from Beckman Spectrophotometer Model 
B readings of sample solutions prepared from four 
different samples. In the description of the method 
these readings correspond as follows: 

Column 1 is Aw, 500; column 2 is Ay, +500; 
column 3 is 0.67(Am@)550 — Ay+550); column 
4 is column 1 minus the sum of columns 7 and 3. 

It is clear that the total absorbance vaaes shown 
in column 1 do not accurately represen’. the vitamin 
D present. The interference absorbance shown in 
column 2 has been an important source of error 
in earlier work. The correction shown in column 
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3 is small and frequently negligible with the chro- 
matography used. 

Basis for the small correction indicated in column 
3 is given in Table IV, the data for which were 
obtained as follows. 

The method was applied to four samples that 
contained vitamin A, but no vitamin D. In the 
color test of the final eluate, the so-called vitamin D 
eluate fraction from the second column, the absorb- 
ance values for the sample (Tube Ay), and the 
sample plus acetic anhydride (Tube A,,+i)) were 
determined at 500 and at 550 my. 

The difference between tubes A,s, and Ais +i at 
each wavelength are expressed as A absorbance, 
shown in Table IV. The ratio of the differences is 
0.67, which is in close agreement with a large number 
of such determinations. Since the vitamin D-SbCl, 
color has no absorption at 550 my, it is possible to 
correct for non-vitamin D color by subtracting 
from the total absorbance, two-thirds of the dif- 
ference observed at 550 my. This is the correction 
shown in column 3 of Table III. Nield (2) and 
Greene (6) attempted a correction based upon the 
550 my absorption. This non-vitamin D absorp- 
tion seldom exceeds 10% of that of vitamin D. 
When the correction is excessive a rechromato- 
graphing of the final eluate is desirable. 

In color measurements of solutions containing 
from 50 to 1,000 units of vitamin D per ml. of final 
solution, Beer’s law was found to apply. The 
smallest deviations were observed between 100 and 
400 units per ml., and it is recommended that final 
concentration be kept within these limits. 


Tas._e IV.—A ABSORBANCE VALUES At Two 
WAVELENGTHS FOR THE VITAMIN D ELUATE 
FRACTION 





poten: Seni 

at 550 ma Awe 
0.029 0.66 
0.036 0.70 
0.025 0.72 
0.085 0.60 
Average 0.67 


4 
Absorbance 
at 500 my 


0.019 
0.025 
0.018 
0.021 


The SbCl, reagent, Solution A, has been found to 
cause difficulty if its transmittance of 599 my falls 
below 85%. An occasional bottle of the solid 
SbCl, is found to contain color which, in solution, 
absorbs in the critical region. Also, moisture present 
in Solution A may cause a cloudiness that alters 
transmittance. Solution A is usually stable after 
the treatment with anhydrous alumina, but should 
be checked spectrophotometrically at frequent 
intervals. Any indication of change requires ad- 
ditional treatment with the anhydrous alumina. 
If color is excessive, it is necessary to prepare 
fresh reagent. Color change is readily noticed 
when the solution is stored in a clear glass bottle. 

Since the color reaction is affected by substances 
other than vitamin D contained in the final sample 
solution, the use of an internal standard is essential. 
Variation between aliquots and from sample to 
sample, in the relation of absorbance to vitamin D, 
is shown in Table V. The values shown are the 
ratio of units of vitamin D per ml. of final solution 
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to absorbance value. This is the K value obtained 
in the calculation of results. 


TasB_Le V.—VARIATION IN K Ratios or ViraMin D 
TO ABSORBANCE VALUE IN THE CoLor TEST 


For Aliquots For Final Solutions 
of Final ., from Separate 


Solution ofa Chr gtaphing 
Single Sample of a Single Sample 
880) 


1140 
1070 1022 
1065 


1150 
5.2 











For Final 
ee of 





1050 
Coeff. of var. 
4.45 





It is apparent that there is a greater variation of 
K between samples than between aliquots of the 
same sample. Error from these variations is con- 
trolle? oy the use of the internal standard. 


Tapie VI.—VrramMin D Content or SEVERAL 
PHARMACEUTICAL PREPARATIONS 








Analysts’ Results 
(U.S.P. Units) 
Analyst Analyst 

A B 


Label 
Declaration 

(U.S.P. Units) 
1,300 units/5 ml. 
Syrup 533 units/ml. 
Liquid 2,000 units/5 ml. 
Ta 2,500 units/tab. 
Capsule 1,000 units/cap. 
Capsule 2,500 units/cap. 
Veast " 
Syrup 1,000 units/0.6 mi 
Capsule 1,200 units/cap. 


Sample 
Elixir 


PENI P Mer 





APPLICATION 


Although the method in its various stages of de- 
velopment has been used in this laboratory over a 
period of several years, and has been applied to 
a variety of products, the most effective use has 
been in the category of pharmaceutical preparations. 
The list shown in Table VI illustrates the types of 
material most successfully analyzed. Also from 
the results of two independent analysts the uni- 
formity of results can be judged. The analytical 
values are compared with the bioassay result for 
each sample listed. The bioassays were not con- 
ducted specifically as a part of this study, but re- 
sults were obtained as part of the routine assay 
program of the laboratory. It is clear that the 
results of the two methods are in the same range. 

We have had little experience in applying the 
method to foods containing vitamin D. Here the 
problem is to saponify and extract sufficient ma- 
terial to provide approximately 1,000 to 2,000 units 
of vitamin D. With a suitable extract there would 
appear to be no great difficulty in extending the 
method to foods. 


REFERENCES 


(1) na b. D. T., Kingsley, G. V., 
a Eng. Chem., Anal. 
o ci94o) WwW. S.. 


P tee R. A. and 
Ed., 15, 301(1943). 
and Zimmerli, A., J. 

, Ind. Bing. Chem., Anal. Ed., 18, 117 


DeWitt, J. 
946). 
(4) Sobel, A. E., Mayor, A. M., and Kramer, B 
17, 160 (1945) 


(5) I J. A., Anal. Chem., 20, 766(1948). 


-» tbid., 





394 


(6) Greene, J., Plesis em da 
(1951); 49, 54(1951); 

(7) Kodicek, E., lake hem. 
(1954); ébid., 57, wii 1004) 

(8) Davis, R McMahon, J. M., and Kalnitsky, G., 
J. Am. Chem. Soc., Pie 4483(1952). 

(9) Kritche vsky, D and Kirk, M. R., Arch. Biochem 
Biophys., 35, 346(1952) 


49, ner tg 


ibid., 49, 45 
232(1951); 


249(1951) 
, 57, xii 


An Identity 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Vol. XLVII, No. 6 


(10) Pag wy D. T., Powell, M. J., Brown, R. A., and Bm- 
t, oe Chem , 20, 317(1948). 
D. T., Schlabach, T. D., and Powell, M. J., 
08,1954). 
ish, D , J. Assoc. Offic. Agr. Chemists, 39, 126 


nt) Karrer, P., and Jucker, E., Hele. Chim. Acta, 30, 559 
(1047 


Test for Iodinated Derivatives of 


Tyrosine and Thyronine, Particularly 
Triiodothyronine and Thyroxine* 


By PAUL Z. ANTHONY and JAMES E. GEEVER 


The Kendall-Osterberg color reaction for 

thyroxine has been applied to other iodi- 

nated phenolic amino acids. It vides a 

ready means of identifying individual mem- 
bers of two families of compounds. 


Aur METHOD for distinguishing between 

the various iodinated derivatives of tyro- 
sine and 3,5-diiodothyronine has been developed 
using the method of Kendall and Osterberg (1). 
In their work on the chemical identification of 
thyroxine these investigators noted that thyroxine 
gives a red color when treated first with nitrous 
acid and then with ammonia. Ingvaldsen and 
Cameron (2) found that this color reaction oc- 
curs with both diiodotyrosine and thyroxine. 
They noted that the color is given by a phenolic 
compound containing two iodine atoms ortho to 
the hydroxy group; they found that the color is 
not given by dibromotyrosine, nor by a large 
number of other benzene derivatives. Morton 
and Chaikoff (3) adapted the reaction to a photo- 
metric determination of thyroxine and diiodo- 
tyrosine in thyroid tissue. Roche and Michel 
(4-6) conducted a detailed study of the reaction 
in the analyses of thyroid gland and iodinated 
proteins. Adamson, et al., (7), used the reaction 
for the determination of synthetic sodium L- 
thyroxine, particularly in tablets containing 
thyroxine as the active ingredient in microgram 
quantities. Gross and Pitt-Rivers (8) used 40% 


* Received October 7, 
Inc., Morton Grove, Ili 

The authors are grateful for the assistance and advice of 
Dr. L. G. Ginger and Dr. N. J. Kartinos of the Research De 
partment of Baxter Laboratories. 


1957, from Baxter Laboratories, 


sodium hydroxide instead of concentrated am- 
monium hydroxide to obtain a brownish-orange 
color with both thyroxine and 3,5,3’-triiodo- 
thyronine; the solution had a maximum absorp- 
tion between 460 and 470 mu. 

In our laboratory the Kendall-Osterberg reac- 
tion gave characteristic colors for iodo-deriva- 
tives of tyrosine and 3,5-diiodothyronine. 


EXPERIMENTAL AND RESULTS 


The optimal concentration of an iodinated com- 
pound for color development under the conditions 
of the test is 0.045 to 0.050 microequivalents per cc. 
of final solution. The test is run as follows using 
3,5,3’-triiodothyronine as aa example. 

A 20-mg. portion of L-triiodothyronine hydro- 
chloride (0.03 milliequivalent) is dissolved in 50 cc. 
of 95% ethanoi (wherever an alcohol-insoluble 
amino acid is used, a few drops of dilute hydrochloric 
acid are added to bring about solubility). A 2-cc. 
aliquot is placed in a 25-cc. volumetric flask and 
diluted with 4.5 cc. of 95% ethanol and 12.2 cc. of 
acidic sodium chloride reagent (170 Gm. of sodium 
chloride in sufficient 1 N hydrochloric acid to make 
1000 cc.). A 2.5-cc. portion of freshly prepared 1% 
sodium nitrite solution is added, and the resulting 
solution placed in the dark for twenty minutes. A 
yellow color develops. Addition of approximately 
3.8 cc. of concentrated ammonium hydroxide (up to 
the graduated mark) produces an orange color. 

This test was also performed on dihydroxyphenyl- 
alanine and tryptophan and the results, as well as 
results on various iodinated phenolic amino acids, 
are listed in Table I. 

Spectrophotometric absorption curves of the 
colored products of triiodothyronine and thyroxine 
exhibited absorption maxima at 475 and 495 my, 
respectively (Fig. 1). This distinct difference in 
the maxima showed that the orange color of triiodo- 
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thyronine is not a dilution of the pink color of 
thyroxine but is characteristic of triiodothyronine. 


DISCUSSION 


Roche and Michel (5) reported that, in addition 
to thyroxine and diiodotyrosine, the reaction is 


TABLE I.—KENDALL-OsTERBERG COLOR REACTION 


WITH AROMATIC AMINO Acips 


Amino Acid® 
Tyrosine 
Monoiodotyrosine 
Diiodotyrosine 
3,5-Diiodothyronine 
3,5,3’-Triiodothyronine 
Thyroxine 
Dihydroxyphenylalanine 
Tryptophan 





Color 
Colorless 
Orange 
Pink 
Colorless 
Orange 
Pink 
Amber 
Colorless 





analytically 
ylalanine was East- 
an was an analyti- 
hwarz Laboratories, 


* The first 6 compounds were pre 
in our laboratory. The dihydroxyp 
man’s white label grade. The trypto; 
cally pure compound obtained from 
Inc. 





ABSORBANCE 











WAVELENGTH (my) 

Fig. 1—Spectrophotometric absorption curves of 
the colored products of triiodothyronine and thyrox- 
ine. Concentration: 4.5 X 10~* M. Triiodothyro- 
nine: ————; thyroxine 
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given by three noniodinated amino acids, dihydroxy- 
phenylalanine, tryptophan, and tyrosine. Trypto- 
phan gives a measurable color only in a much greater 
quantity (1 mg.) than would be present in samples 
used in their method, and tyrosine gives only about 
‘/e the color intensity of diiodotyrosine. They 
also reported that monoiodotyrosine does not give a 
color with nitrous acid and ammonia. Contrary to 
their findings we found that: (a) dihydroxyphenyl- 
alanine gives an amber color; (b) tryptophan gives 
no observable color even in greater quantity (ten 
times optimal concentration); (c) tyrosine gives no 
observable color, nd (d) monoiodotyrosine gives 
an orange color. Further investigation of the color 
obtained with dihydroxphenylalanine showed that 
the same color is produced when the amino acid is 
dissolved in concentrated ammonium hydroxide 
alone. Therefore, the coloration of this substance is 
probably due to formation of a quinoid structure 
under conditions of alkaline oxidation and not to 
any reaction with nitrous acid. During the addi- 
tion of the nitrous acid no color formation was ob- 
served, whereas a yellow color is always obtained 
with iodinated tyrosines and 3,5-diiodothyronines. 

Besides using this method for the determination 
of thyroxine in tablets, Adamson, et al. (7), found 
that 3,5-diiodothyronine gives about 65% of the 
color intensity of thyroxine when subjected to the 
color reaction. On the other hand, we obtained no 
color with diiodothyronine. Since our method is a 
virtual duplication of theirs, this difference is not 
attributable to experimental conditions. It may 
involve compound purity, and in this connection, 
it is noteworthy that 3,5-diiodothyronine and tyro- 
sine are similar in that no iodine is present on the 
hydroxylated benzene ring; therefore, no reaction 
with nitrous acid would be expected. 

Plati and Wenner (9) used this color test to de- 
termine the completeness of extraction of 3,5,3’- 
triiodothyronine from a crude triiodothyronine con- 
taining 10-15% thyroxine as an impurity in a con- 
tinuous countercurrent solvent extraction column. 
They reported a red color as a positive test for 3,5,3’- 
triiodothyronine. This is in disagreement with our 
results shown in Table I. We obtained an orange 
color corresponding to the orange color obtained 
with monoiodotyrosine, a molecule of related struc- 
ture. It appears that the orange color is associated 
with an ortho iodo-phenolic hydroxy] relationship on 
an aromatic amino acid. It is predicted that 3’- 
iodothyronine, 3,3’-diiodothyronine, or any 3’- 
iodinated thyronine will give the same color. 
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Properties and Applications of Powdered 
Polysaccharide Acids IV." 


Comparison of Carboxymethylcellulose (HCMC) and Cornstarch as 
Tablet Disintegrants 


By LLOYD KENNON}# and JOSEPH V. SWINTOSKYT 


Sulfathiazole tablets were prepared through a compressional force range of 0.25 to 
2 tons per tablet. Tablet hardness and disintegration time were compared for car- 
boxymethylcellulose and cornstarch disintegrants through a concentration range of 
1 to 30%. The results indicate that hardness and disintegration times were similar 
for both disintegrants, except at the 30% starch concentration where tablet hardness 
was very low. Generally, hardness increased rapidly with increase in compres- 
sional force and was not depressed appreciably by increased disintegrant concen- 
trations. Disintegration times decreased rapidly with increased disintegrant con- 
centrations. The principal advantages of H in this formulation are that it can 
be granulated wet with the other tablet components without losing its disintegrant 
properties upon drying; also, wet granulations employing it dry faster than se 
without it, and the resultant tablets are somewhat Seodes than the corresponding 
tablets containing starch as the disintegrant. 


IT’ A PREVIOUS PUBLICATION the preparation and 

properties of carboxymethylcellulose (HC- 
MC) obtained by ion exchange of sodium car- 
boxymethyleellulose followed by spray drying 
were described (1). Possible areas of pharma- 
ceutical usefulness of this product have been 
noted (2-4). The present study was under- 
taken to compare the disintegrant properties of 
this material to cornstarch in sulfathiazole tab- 
lets. An effort was made to determine the inter- 
relationships of such variables as compressional 
force, hardness, disintegrant concentration, and 
disintegration time. 

The literature describes a comparison of po- 
tato starch and alginic acid as disintegrating 
agents (5). Also, a number of publications have 
defined the problems, described the equipment, 
and suggested methods for studying the static 
and dynamic factors which affect tablet formula- 
tion and manufacture (3, 5-27). 


EXPERIMENTAL 


Source of HCMC and Starch.—The method of 
preparation of the HCMC by ion exchange was 
modified from the previous procedure (1). Eight 
4,000-cc. Erlenmeyer flasks, each containing 1 Kg. 
of acid-charged sulfonic acid cation exchange resin, 
Amberlite IR-120 (Rohm & Haas, Philadelphia, Pa.) 
were employed. Three liters of 2% CMC, Premium 
Low Viscosity-Type 70 (Hercules Powder Co., 
Wilmington, Delaware), in aqueous solution was 
added to flask 1, shaken periodically for fifteen to 
twenty minutes, then decanted into flask 2 after the 
resin settled. The process was repeated serially 
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until transfer through the eight flasks was complete. 
About 10 liters of solution were made before it was 
necessary to wash and recharge the resin. A white 
powder was obtained by spray drying the HCMC 
solution as previously described (1). 

A food grade Argo cornstarch was used in this 
study. 

Preparation of the Granulations.—The granula- 
tion for the starch-containing formulations was 
made by adding 30 Gm. of 10% starch paste to each 
97 Gm. of sulfathiazole, U. S. P. XIII powder 
(Mallinckrodt). The mixed mass was then pushed 
through a U. S. No. 10 mesh stainless steel wire 
sieve, and the resulting granules were dried at 45° 
for four hours. The dried granules were then pushed 
through a No. 20 mesh sieve and collected on a No. 
60 mesh sieve. The granules used to make tablets 
were those which passed through the former, but 
not the latter. These granules, containing 97% 
sulfathiazole, constituted the master granulation. 
Portions of it were used to make seven other gran- 
ulations simply by mixing with proper amounts of 
dry starch powder to get granules for compression 
containing 1%, 2%, 4%, 8%, 15%, 30%, and 60% 
of dry starch. 

The material for compression containing HCMC 
was made py adding the HCMC to the sulfathiazole 
powder, mixing, adding starch paste with some ad- 
ditional water, granulating, and drying. Granule 
size was standardized with No. 20 and No. 60 mesh 
sieves also. The preparation of the six HCMC- 
sulfathiazole granulations is summarized in Table I. 

The graaulations containing 15% and 30% 
HCMC become slightly tan during the drying proc- 
ess. This appeared to have been caused either by 
an unnecessarily protracted drying time or by a 
slightly excessive drying temperature. These gran- 
ulations dried very rapidly. 

Compressing the Tablets.—Seven sulfathiazole 
granulations employing dry starch powder as dis- 
integrant and six employing HCMC as the disinte- 
grant were used for compression into tablets. Por- 
tions of 0.330 Gm. each were weighed and com- 
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Tasie I.—ComposiTion oF HCMC-SuLFATHIAZOLE GRANULATIONS 








Granulation No. -— 
HCMC, per cent 
Sulfathiazole, Gm. 
10% Starch paste, Gm. 
HCMC, Gm. 
Additional water, cc. 
Drying time, hr. 45° 


2 
2 
95 
29 


5 
15 
82.4 
26 
15 


36 
2 


1 





pressed into tablets using a special */s-inch punch 
and die set and a mechanical lever machine of a 
type previously described (6). The seven compres 
sional forces used were 500, 1,000, 1,500, 2,000, 
2,500, 3,000, and 4,000 pounds per tablet. The 
4,000-lb. level corresponds to a pressure of 18 tons 
per sq. in. Good tablets are often prepared indus- 
trially at pressures of approximately 10 tons per 
square inch (28). Hence this report deals with a 
range that is significant in actual tablet manu- 
facturing. Each of the 13 granulations was com- 
pressed into tablets at the seven force levels men- 
tioned. Twenty tablets from each of the starch- 
sulfathirzole granulations and 12 tablets from each 
of the HCMC-sulfathiazole granulations were 
punched. Half of each separate group of tablets 
was used for the disintegration time determinations 
and half for the hardness tests. 

The granulation containing 60% dry starch was 
not amenable to compression into tablets even under 
a compressional force of 10,000 Ib. 

Hardness Test.—Tablet hardness was determined 
with the Strong-Cobb tablet hardness tester (7, 29). 

Disintegration Time Determination.—The 
method used for determining the disintegration 
times of the tablets was essentially that of the 
U. S. P. XIV (30) with the following modifications. 
The basket rack contained four compartments in- 
stead of the six recommended in the U.S. P. Water 
was used as the disintegration fluid, and its tempera- 
ture was maintained at 37°. The submerged basket 
rack was raised and lowered through approximately 
a 5-cm. range 31 times a minute. A tablet was con- 
sidered disintegrated when all of its fragments 
passed through the No. 8 mesh screen floor of its 
compartment in the basket rack. 


RESULTS AND DISCUSSION 


As shown in Fig. 1, scale readings of the Strong- 
Cobb hardness tester are linear with respect to pres- 
sure as determined with a compression tank and 
gauge. The results of the disintegration time and 
hardness tests are shown graphically in Figs. 2-5. 
Median values were used in this study. They were 
used because the number of tablets in each group 
tested was relatively small so that the occasional 
widely variant value encountered would affect the 
mean to an extent not commensurate with its own 
significance. 

The probable errors figured for all the data taken 
on the basis of mean values were between 2% and 
15%. Since median (not mean) values were used 
for the graphs, the errors should be less than the 
calculated ones because the occasional widely di- 
vergent results are eliminated. 

Observation of Figs. 2 and 3 indicates increased 
disintegration time as the compressional force used 
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GRAPH SHOWS LINEAR RESPONSE 
OF STRONG,COBB HARDNESS 
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Fig. 1.—Plot shows the result of calibrating the 
Strong-Cobb hardness tester with a tank of com- 
pressed air. 
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10,000 DISINTEGRATION TIME VS. COMPRESSION FORCE 
FOR SULFATHIAZOLE TABLETS 
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Fig. 2.—Graph shows the effect of compressional 
force on the disintegration time of sulfathiazole 
tablets containing various percentages of HCMC 
as disintegrant. 





to make the tablets is increased. It is seen that the 
time of disintegration decreases greatly as the per- 
centage of the disintegrant is increased. As the 
compressional forces are increased there is little 
difference between the disintegration times of the 
tablets containing 15% and 30% starch or HCMC. 
In Figs. 4 and 5 it is observed that hardness gen- 
erally increases quite rapidly with increase in com- 
pressional force. These figures are shown in the 
form of swath-graphs because the hardness values 
covered by the swath are primarily a function of the 
compressional force and appear to be much less 
dependent on disintegrant concentration. Hence 
it is not helpful to trace the individual lines which 





398 JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


cross and intermingle frequently. In general, 
however, tablet hardness appeared to decrease with 
disintegrant concentration, at least at the higher 
levels. This is most evident at the 30% starch 
concentration where tablets were relatively soft at 
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Fig. 3.—Plot illustrates the effect of compressional 
force on the disintegration time of sulfathiazole 
tablets containing various percentages of starch as 
disintegrant. 
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Fig. 4.—Plot indicates the effect of compressional 
force on the hardness of sulfathiazole tablets con- 
taining various amounts of HCMC 





HARDNESS VS. COMPRESSION FORCE, 
SULFATHIAZOLE TABLETS 
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Fig. 5.—Graph demonstrates the effect of com- 
pressional force on the hardness of sulfathiazole 
tablets containing various amounts of starch. 
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all compressional forces because of the poor com- 
pressibility of this component. 

The principal advantages of HCMC in this sul- 
fathiazole formulation are: (a) It can be granulated 
wet with the other tablet ingredients without losing 
its disintegrant properties upon drying; hence, an 
extra weighing and mixing step in the tablet manu- 
facturing procedure is eliminated; (6) wet granu- 
lations employing HCMC dry faster than the same 
granulations without it; (c) since HCMC is granu- 
lated along with the other ingredients, the tablets 
containing HCMC as the disintegrant are some- 
what harder than the corresponding tablets con- 
taining starch, because no extra “fines” are added to 
the former. Starch, however, has advantages when 
the choice of a disintegrant is considered solely on 
the basis of cost and availability. 

A comparison of all the data indicates that there 
is no great difference between HCMC and starch as 
regards hardness and disintegration times of sulfa- 
thiazole tablets where they are used as disintegrants. 
These and previously published results (2, 3, 5) 
are in concordance with the view that numerous 
polysaccharide acids and synthetic cation exchangers 
may be expected to possess useful tablet disintegrant 
properties by virtue of their swelling in water. 
This study is suggestive of a procedure that may 
be used for evaluating such or other new materials 
for utility as tablet disintegrants as they become 
available. 
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Synthesis and Antifungal Studies on New Organic 
Sulfur Compounds* 


By AMRUTLAL M. SHAH and JAMES W. JONEST 


Six derivatives of he 
of 4-chloro-o- 

new compou 

ity against M. 
paper-disk ale mang 
~ ij against all 


lenediamine-bis-dithiocarbamic acid and six derivatives 
rleoedlamine bie dchiocarbamic acid were prepared. 


wwaies 


pounds were effecti 
ee ones ae ee ee 


enediamine-bis-dithiocarbamic acid oe was more effective only against M. Canis 
and T. Rubrum. 


y= STATISTICS reveals that fungal diseases 

of men are growing health problems (1). 
The search for antifungal agents has been in 
progress for several decades. Sulfur has long 
played an important role in the combat between 
humans and lower form of life as pests, fungi, 
and bacteria. Horsfall (2) reviewed the antimy- 
cotic therapy and presented a classification of 
antifungal agents. More recently organic sulfur 
compounds have been considered to be valuable 
as antifungal agents. Extensive researches have 
been carried out by plant pathologists for utiliz- 
ing these organic sulfur compounds, dithio- 
carbamic acid and its derivatives, as agricultural 
fungicides (3,4). The above compounds showed 
remarkable antimicrobial activity for the treat- 
ment of fungus diseases of plants, however, very 
little attention has been given to their use in 
human chemotherapy. 

Several esters of ethylene-bis-dithiocarbamic 
acid have been prepared in this laboratory and 
tested against human pathogenic fungi. Some 
of the compounds were found to be as active as 
undecylenic acid. The pungent odor and chem- 
ically unstable nature of these compounds is a 
hindrance to their pharmaceutical application 
(5). 

In this investigation, an attempt has been 
made to prepare several esters of o-phenylene- 
diamine-bis-dithiocarbamic acid and 4-chloro-o- 
phenylenediamine-bis-dithiocarbamic acid. 


EXPERIMENTAL 
Synthesis 
A.— Disodium o-phenylenediamine-bis-dithio- 
carbamate, B.—Disodium 4-chloro-o-phenylenedi- 
amine-bis-dithiocarbamate.—One-eighth mole (13.5 
Gm.) of o-phenylenediamine or 17.64 Gm. of 4- 


* Received June 27, 1957, from the College of Pharmacy, 
State University of Iowa, lowa City. 

Abstracted from a dissertation submitted to the Graduate 
College of the State University of Iowa by Amrutlal M. 
Shah in partial fulfillment of the requirements for the degree 
of Doctor of Philosophy. 

+ Professor of Pharmacy, College of Pharmacy, State 
University of lowa, lowa City. 


chloro-o-phenylenediamine was dissolved, with the 
aid of heat, in 50 ml. of water in a three-necked, 500 
ml. flask, fitted with a reflux, mercury-seal con- 
denser and a dropping funnel. The solution was 
cooled to 30° and a solution of one-fourth mole (11 
Gm.) of sodium hydroxide in 50-ml. of water was 
added in one lot. This mixture was stirred for fif- 
teen minutes. One-fourth mole (22 Gm.) of car- 
bon disulfide was then added dropwise, with stirring, 
over a period of thirty to forty minutes. The 
mixture was stirred at 30-40° for three and one- 
half hours. The solution was then evaporated to a 
small volume and an excess of acetone was added. 
This mixture was placed in a refrigerator until crys- 
tallization was complete. The crystals were puri- 
fied by several recrystallizations from aqueous solu- 
tion by the addition of acetone. 

Esters of o-phenylenediamine-bis-dithiocarbamic 
acid and 4-chloro-o-phenylenediamine-bis-dithio- 
carbamic acid.—In preparing the esters, the sodium 
salts of the acids were prepared as described above 
except that the phenylenediamines were dissolved 
in alcohol instead of water. After the initial mix- 
ture had refluxed for three and one-half hours, one- 
fourth mole of alkyl halide was added over a period 
of fifteen minutes. The mixture was then refluxed, 
with stirring, for six hours, during which time a 
dark, oily or resinous mass separated. The oil or 
mass was collected by decanting the mother liquor 
and extracting the residue with ether. After 
evaporating off the ether, the residues were dried in 
a vacuum oven at 50° for twenty-four hours. 

The yields and N analyses are shown in Table I. 
Mycological 

The compounds synthesized were tested for anti- 
fungal activity by the procedure described by 
Klingman and Rosenweig (6) for the determination 
of fungicidal activity in vitro. 

Table I lists the structural formulas and numbers 
of the compounds tested for antimycotic activity. 
The results of the mycological work are summarized 
in Tables II, III, IV, and V. 


DISCUSSION 


It was found that the sodium salts and the methyl 
and ethyl esters of the dithiocarbamic acids were 
unstable and decomposed at room temperature while 
the allyl, epoxypropyl, and benzyl esters were 
stable. According to Horsfall, ef al. (7), decom- 
position may be due to formation of the correspond- 
ing isothiocyanates. 
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TABLE 


Tasce II. 


Compound No 
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AND/OR 


I.—Compounps SYNTHESIZED 
TESTED 
a Yield, N Caled., 
S H H US 
| | jj 
R—S—C—N N—C—S—R 
Na— 40 ; 
CH; 70 9.79 
C.H;s 40 8.86 
CH-=CHCH; 50 8.21 
CH,—CH—CH,; 47 7.50 
\ 
O 
C.H;—CH:— 37 6.34 
cl 
S H H § 
ieot >| | 
R—S—C—N “N—C—S—R 
Na 39 
CH;— 69 8.66 
C.Hs 76 7.98 
CHs=-CH—CH,— 55 7.46 
CH;—CH—CH; 80 6.86 
> OF 4 
‘Oo 
C.H;—CH:— 80 5.89 


Undecylenic Acid 
Ethanol 








“aoe. 


P1100. 


—_ 
~ 


5.7 


Found, 
o 


A 


58 
92 


32 


50 


31 
90 


ZONES OF INHIBITION IN MILLIMETERS 
Acatnst M. GypseuM 


1% 2% 4% 5% 
1 0 0 0.25 0.25 
2 0.25 00 3.2% 4.25 7.25 
3 0 25 1.00 2.25 4.00 
4 0 2° 4.00 4.50 6.50 
5 0 5.00 1.00 50 
6 2.00 50 7.00 8.75 10.50 
7 0 0 0 0 
8 5.25 25 11.50 15.00 15.50 
9 4.50 00 10.75 12.00 13.00 
10 1.50 00 6.00 7.50 9.75 
11 1.2% 75 2.758 3.26 6.25 
12 5.75 9.00 9.75 10.50 12.00 
13 0 0.25 0.50 . 50 
14 0 0 0 0 
TaBLe II1.—Zonges or INHIBITION IN MILLIMETERS 
Acatinst T. Rusrum 
Compound No. 1% 2% 3% 4% 5% 
l 9.75 13.00 15.75 19.00 20.50 
2 11.75 12.75 18.25 19.50 21.00 
3 11.50 50 18.25 21.25 21.50 
4 13.00 50 18.00 18.75 20.25 
5 4.50 11.50 13.25 16.75 18.75 
6 13.25 14.00 15.50 16.25 18.50 
7 3.50 5.00 6.00 7.00 8.75 
8 13.25 15.75 16.00 17.00 18.25 
i) 10.00 11.50 12.00 13.25 17.75 
10 11.50 12.25 12.50 14.00 18.50 
ll 10.25 12.25 13.25 15.00 15.50 
12 14.00 15.00 18.25 20.75 20.75 
13 6.28 8.00 8.50 9.25 9.75 
14 0 0 0 0 
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The procedure used for testing antifungal activity 
does not give the inhibition value as an end point, 
which is the minimum concentration required to 
inhibit the growth of a certain species. The method 
gives a preliminary indication of the potential 
which a compound might possess in comparison to a 
standard antifungal agent which is used frequently, 
undecylenic acid. 

The Tables II, III, IV, and V indicate that most 
of the compounds were active against one or more 
strains of fungi. One factor which influences the 
width of inhibition zone is the speed with which the 
organism grows. M. Gypseum and T. Meniagro- 
phyte seem to grow considerably faster than M. 
Canis and T. Rubrum. 

Compounds 1 and 7 are water-soluble sodium 
salts. Generally, they were less active than undec- 
ylenic acid against all 4 organisms. Compounds 
2 and 8, the methyl esters, showed more activity 
than undecylenic acid against all 4 organisms. 
Klopping and Van der Kerk (8) showed that opti- 
mum activity occurs with the lower alkyl] esters, i.e., 
the methyl and ethyl esters of dithiocarbamic acids. 
The results in this work agree with that observation. 
Compounds 3 and 9, the ethyl esters, were consider- 
ably more active than undecylenic acid against all 
4 organisms, less active than compounds 2 and 8 
against M. Gypseum and T. Mentagrophyte and about 
equally as active against M. Canis and T. Rubrum. 


TABLE IV.—ZONES OF INHIBITION IN MILLIMETERS 
Acatnst M. CANnIs 








Compound No 1% 2% 3% 4% 5% 

1 9.50 11.00 13.00 14.25 17.50 
2 10.00 13.00 15.50 16.00 21.00 
3 9.75 11.75 15.25 17.00 18.00 
4 8.00 11.50 12.50 13.00 14.25 
5 3.00 4.25 6.25 8.25 9.50 
6 9.50 10.75 11.00 13.50 14.50 
7 0 2.00 3.00 3.25 4.00 
8 7.50 12.75 13.50 16.75 18.25 
9 8.75 13.50 15.25 17.00 18.00 
10 8.00 9.50 13.50 15.00 15.25 
11 9.00 9.50 10.00 10.50 11.50 
12 12.25 13.25 14.25 16.00 17.75 
13 2.25 3.25 550 7.25 7.90 
14 0 0 0 0 0 





TABLE V.—ZONES OF INHIBITION IN MILLIMETERS 
AGAINST T. MBNTAGROPHYTE 








Compound No. 


19, 3% 3% 4% 5% 
1 0 0 0 0 2.00 
2 5.75 7.25 9.50 9.75 11.00 
3 2.00 3.00 550 6.00 6.50 
4 1.00 2.00 2.50 5.25 6.50 
5 2.00 2.00 2.50 4.00 4.50 
6 2.75 6.00 7.75 8.00 9. 
7 0 0 0 2.00 2. 
8 4.75 6.00 7.75 9.25 1. 
9 2.75 4.50 6.00 8.00 8. 
10 4.00 5.75 7.25 9.00 
11 2.00 2.50 3.00 4.25 
12 6.75 7.25 8.25 9.25 
13 2.00 2.75 3.00 


3.50 
14 0 0 0 0 
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The decrease in activity might be due to the ester 
chain being increased with a consequent decrease 
in the extent of ionization. Compounds 4 and 10, 
the allyl esters, were considerably more active than 
undecylenic acid against all 4 organisms, but showed 
an activity which, in general, was less than that 
of the methyl esters. Again, a decrease in anti- 
fungal activity by lengthening the carbon chain in 
the ester part of molecule was shown. However, 
the allyl esters showed more activity than the 
epoxypropyl esters against all 4 organisms. Ac- 
cording to Friedman (9), this greater activity may 
be due to the —CH=—CH— group. Compounds 
6 and 12, the benzyl esters, were more inhibitory 
against all 4 species than the allyl or epoxypropyl 
esters but less inhibitory than the methyl esters 
with some exceptions. The greater activity over 
the allyl or epoxypropyl ester may be due to the 
fact that these compounds have a smaller number 
of aliphatic carbon atoms in the ester chain of 
molecule. The lesser activity of the benzyl esters 
than that shown by the methyl esters may be due 
to the higher molecular weight of the ester group, 
which may decrease the tendency of the compounds 
to ionize causing them to be less effective. 
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Compound 14, ethanol, showed no inhibition 
against any of the fungi used. It was used as a 
control since it was used to dissolve the esters. 

In the past, many efforts have been made to 
change the molecular structure of this type of com- 
pounds with regard to the thiocarbamate portion 
and to compare their activities. The results of this 
investigation suggest that dithiocarbamic acid de- 
rivatives prepared from o-phenylenediamine and 4- 
chloro-o-phenylenediamine possess a higher anti- 
fungal activity than derivatives prepared from 
ethylenediamine. 
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The Pharmacology of 
4-[2-(5-Phenyloxazoy]) |-1-Methylpyridinium Chloride 
and p-Toluenesulfonate* 


By THOMAS J. HALEY, ANNA M. FLESHER, and N. KOMESU 


It has been shown that 4-[2-(5-phenyloxazo 
dose nes igen ds 


p-toluenesulfonate produced a 
fied by atropine and pyrilamine maleate. 
ation until exitus. 


1)]-1-methylpyridinium chloride or 
at heat lenteteanhan which could not be modi- 
There was no significant effect on respir- 


lectrocardiographic changes indicate that these com 


are toxic to the heart. There was no evidence that the pyridinium ee et 


any cholinergic, ae ic or ganglionic blocking properties. 
von icaathesalin their potency was of a low order, 
ich oct thus preventing use in thera 


dinium compounds 


their toxicity was of a high o 


the 
ics. The perk 


dinium comguent do not induce or prevent chromoachryodynia in rats, but their 
© effect does prevent epinephrine death in mice. 


| | Saripes Lushbaugh, ef al. (1), reported 

that the oxazole quaternary salts produced 
poikilothermia in mice. Haley, et al. (2), ob- 
served that these compounds also produced hy- 
potension, but had no effect on autonomic gan- 
glia, Ott, et al. (3), synthesized the chloride and 
p-toluenesulfonate salts of a new compound, 4- 
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[2-(5-phenyloxazoy]) |-1-methylpyridine. The 
quaternary nitrogen is in the pyridyl rather than 
the oxazoyl ring (Fig. 1). We have investigated 
these compounds to determine what differences 


\ aes CH, 


1.—Substituted quaternary pyridinium com- 


Fig. 
pounds: R = Cl or CH,;C,H,SO, 
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in pharmacological activity have been produced 
by such structural changes. 


EXPERIMENTAL 


Nineteen cats of both sexes, weighing 2.2 to 3.85 
Kg., were anesthetized with 35 mg./Kg. of sodium 
pentobarbital intraperitoneally. Blood pressure 
was recorded from the carotid artery with a mercury 
manometer. Respiration was recorded by the 
method of Haley (4). Jn situ intestinal contractions 
were recorded with a balloon-tambour system. 
The ECG was obtained with Lead II of a Sanborn 
Viso-Cardiette. Ganglionic effects were studied by 
recording contractions of the nictitating membrane 
following stimulation of the preganglionic cervical 
sympathetic fibers with 8V/10 sec. from a Grass 
Model S-4 Stimulator. Similar stimulation of the 
vagus nerve was used to study anticholinergic 
activity. Five spinal cats were prepared in the 
usual manner. Doses of the drugs used were: 
pyridinium compounds, 0.5-15 mg./Kg., epine- 
phrine, 3 meg./Kg., acetylcholine, 5 meg./Kg.; 
histamine, 0.1 meg./Kg., atropine, 2 mg./Kg.; and 
pyrilamine maleate, 1 mg./Kg. The blocking drugs 
were given one-half hour prior to the pyridinium 
compounds and tests were made after each dose to 
establish the maintenance of the blockade through- 
out the experiment. Effects on body temperature 
were studied in CF-1 mice using electrical thermom- 
eters according to the method of Clark and Tro- 
lander (5). Cholinergic stimulant effects were 
studied using the chromoachryodynia response of the 
rat (5,7). Effects on epinephrine mortality in mice 
were studied by the method of Loew and Micetich 
(8). Ocular effects were studied after topical 
application to the eyes of New Zealand rabbits. 


RESULTS 


Cardiovascular and Respiratory Effects.—Both 
pyridinium compounds produced a hypotension 
which depended upon the initial blood pressure and 
the dose administered, see Table I. A response 
plateau usually developed at the 10 mg./Kg. dose 
level. With most animals, there was an abrupt 
hypotensive response followed by a progressive 
continuous decrease in mean arterial pressure. 


Taste | 


Compound 
4-2-(5-phenyloxazoyl1)-1-methylpyridinium 
chloride 


4-2-(5-phenyloxazoy])-1-methylpyridinium- 
p-toluenesulfonate 
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The duration of effect varied with each dose and 
usually was of the order of fifteen to twenty minutes 
at the 5 mg./Kg. dose. The pyridinium compounds 
appeared to have some cumulative action, possible 
on receptors in the peripheral vascular system, 
because there was a tendency to bleed from the in- 
cisions associated with the insertion of the various 
recording devices. This effect became pronounced 
after the 5 mg-/Kg. dose at which time the animals 
had received a total dose of 8.5 mg./Kg. Based 
on an equivalent hypotension, acetylcholine is 
1,000 times and histamine 5,000 times more active 
than the pyridinium compounds. Neither atropine 
nor pyrilamine maleate was able to block the pyri- 
dinium compound induced hypotension, although 
the former blocked the acetylcholine response and 
the latter blocked the histamine response. How- 
ever, they did reduce the progressive decrease in 
blood pressure which followed the initial abrupt fall. 
This stabilization of the blood pressure resulted in 
greater responses at the higher doses. In the spinal 
cat, both pyridinium compounds produced their 
usual hypotensive response. 

Neither pyridinium compound had any great 
effect on respiration except to produce a slight tran- 
sient increase in depth coincident with the hypo- 
tension. Cheyne-Stokes respiration occurred spor- 
adically in several animals. Death was due to re- 
spiratory failure coupled with cardiovascular col- 
lapse. 

Effects on the Electrocardiogram.—Both pyri- 
dinium compounds had a progressive negative 
chronotropic effect on the cat heart in situ, finally 
reducing the heart rate 40 to 60 beats/minute. 
This effect was not modified by atropine and pyril- 
amine maleate. There was a transient increase in 
the height of the T-wave with each dose of pyri- 
dinium compounds, indicative of cardiac anoxia. 
Of a more serious nature was the observation of 
auricular fibrillation, sinus arrhythmia, trigeminy, 
ventricular tachycardia, left bundle branch block 
and left ventricle strain. These electrocardio- 
graphic changes were observed in the majority 
of animals and were only partially blocked by atro- 
pine and pyrilamine maleate. At exitus all cats 
showed auriculoventricular dissociation, but this 
occurred only after respiratory paralysis. 

Effects on the Autonomic Nervous System.— 
Neither compound had any effect on the response 


HYPOTENSIVE EFrects OF QUATERNARY Pyripintum COMPOUNDS 











-— -Hyp t in Milli ters of M a 

Atropine an 

Dose, No. Blocking Drug, Pyrilamine Maleate, 
mg./Kg. Mean + 5. E. Mean + 5S. E. 
0.5 47 +12 26 + 3.8 
1.0 51 + 3.1 43 + 2.4 
2.0 74 + 4.1 71 + 4.1 
5.0 82 + 3.6 103 + 7.2 
10.0 71 + 6.4 100 + 6.5 
15.0 638 + 9.0 
0.5 4’ + 4.04 27 = 1.0 
1.0 42 + 4.09 35 + 2.7 
2.0 38 + 2.95 44 + 6.6 
5.0 77 + 10.28 88 + 5.5 
10.0 $1.5 + 11.3 88 + 7.5 
15.5 76 + 13.9 91 + 9.3 
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of the nictitating membrane to preganglionic stimu- 
lation; also they did not block the response pro- 
duced by intravenous epinephrine or acetylcholine. 
The pyridinium compounds did not cause contrac- 
tion of the nictitating membrane at any of the doses 
used. No adrenergic blocking or atropine-like 
effects of the pyridinium compounds were observed 
when epinephrine or acetylcholine was administered 
intravenously. Furthermore, the effects of vagal 
stimulation on the heart, blood pressure, and in- 
testinal motility were not inhibited by the pyri- 
dinium compounds. 

Effects on Intestinal Motility in Situ.—Both 
compounds increased the tonus, amplitude, and 
rate of contraction of the cat intestine at all doses 
used and the maximum effect was obtained at 5 
mg./Kg. Such effects were greater than those 
produced by acetylcholine and had a longer dura- 
tion. The intestinal relaxation produced by epine- 
phrine was not affected by the pyridinium com- 
pounds. 

Effects on Body Temperature.— Administration 
of 100 mg./Kg. of the methochloride derivative re- 
duced mouse body temperature from the control 
value of 30° to 25.5° within tlaee hours, but four 
of five mice died. With the methyl-p-toluenesul- 
fonate derivative, a dose of 200 mg./Kg. killed six 
of six mice over a period of five hours, thus prevent- 
ing any evaluation of hypothermic effect. A dose 
of 150 mg./Kg. reduced body temperature from the 
control 30° to 26.2° six hours after injection, at 


TAaB.e II. 





Compound 
Saline 0.9% 
4-2-(5-phenyloxazoyl)-1-methylpyridinium 
chloride 


4-2-(5-phenyloxazoy])-1-methylpyridinium-p- 
toluenesulfonate 
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ium compounds were greatly depressed, quiescent, 
and cold to the touch. The compounds also appear 
to have a low renal threshold because they rapidly 
appeared in the urine giving it their characteristic 
fluorescent yellow color. It was quite evident that 
the methochloride derivative was more toxic than the 
methyl-p-toluenesulfonate derivative and that both 
compounds become more toxic after the epinephrine 
injection, see Table IT. 

A profuse chromoachryodynia was produced in 
rats by 10 mg./Kg. of acetyl-8-methylcholine but 
neither pyridinium compound was capable of either 
initiating or blocking this effect at doses of 100, 
250, or 500 mg./Kg. Furthermore, the two higher 
doses were lethal within five to ten minutes and the 
smaller dose shortly after the test dose of acetyl- 
8-methyicholine. 


DISCUSSION 


The substitution of the pyridyl group for the 
l-naphthyl, 4-methylphenyl or 4-methoxyphenyl 
group in position 2 of the oxazole ring with the quat- 
ernary nitrogen in the pyridyl group, rather than in 
the oxazoyl group, increases the overall toxicity and 
decreases the hypothermic activity of the compound. 
This also introduces a series of detrimental myo- 
cardial effects which would prevent any application 
of the pyridinium compounds in human therapeutics. 
In all other aspects, both series of compounds appear 
to produce almost equivalent pharmacological ef- 
fects. In so far as their hypotensive actions are con- 


EPINEPHRINE Toxicity ANTAGONISM BY PyripinrtuM COMPOUNDS 





LP. Dose, — 
1 


100 





——Total Mortality y Hours 
5 24 


8/10 8/10 9/10 
0/10 1/10 1/10 
2/10 5/10 
4/10 4/10 
6/10 10/10 
0/10 0/10 
0/10 2/10 
0/10 0/10 
1/10 5/10 


mg. /Kg. 
1 mi. 7/10 
75 0/10° 
0/10 
1/10° 
0/10 
75 0/10* 
0/10 
0/10 
0/10 


100 
10/10 





bad Control no epinephrine, & other mice received 4 mg Kg. of epinephrine hydrochloride intravenously thirty minutes 


after the pyridinium compoun 


which time three of six animals died. The 100 
mg./Kg. dose was not lethal but reduced body 
temperature only 0.5°. 

Miscellaneous Effects.—After topical application 
of 1% solutions of the pyridinium compounds to the 
eyes of rabbits, there was no evidence of irritation, 
local anesthesia or changes in pupillary size. 

Prior intraperitoneal administration of the pyri- 
dinium compounds prevented death from intraven- 
ous epinephrine under the conditions specified 
by Loew and Micetich (8), see Table II. This pro- 
tectant action was probably related to the vaso- 
dilation produced by the pyridinium compounds 
because these compounds are devoid of adrenergic 
blocking activity. In this regard the results were 
similar to those observed with acety]l-3-methyl- 
choline (8). All of the mice receiving the pyridin- 


cerned, the data indicate that the pyridinium com- 
pounds produce most of this effect by peripheral 
vasodilation although a partial cardiac component 
cannot be entirely ruled out. 
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Chemical Composition of Gum Turpentines 
of Pines XXIX.* 


A Report on Pinus ponderosa from Five Localities: Central Idaho, 
Central Montana, Southeastern Wyoming, Northwestern Nebraska, 
and Central Eastern Colorado 


By N. T. MIROV and P. M. ILOFF, Jr. 





Five samples of Pinus ponderosa turpentine were analyzed. The sample from south- 
western Idaho was composed of: /a-pinene, 6 per cent; /6-pinene, 30 per cent; 
B-myrcene, 3 per cent; d-A*-carene, 40 per cent; 1di-limovene, 10 per cent; ter- 
pinolene, 2 per cent; and cadienene, 5 per cent. central Montana sample con- 
tained: /-a-pinene, 3 per cent; /-8-pinene, 25 per cent; 8-myrcene, 5 per cent; d-A’*- 
carene, 47 per cent; /,d/-limonene, 6 per cent; terpinolene, 4 per cent; longifolene, 
2 per cent; and cadinene, 5 per cent. The sample from southeastern Wyoming was 
composed of /-a-pinene, 2 per cent; /-8-pinene, 31 per cent; 8-myrcene, 4 per cent; 
d-\*-carene, 40 per cent; 1d/-limonene, 4 per cent; terpinolene, 1 per cent; longi- 
folene, 10 per cent; and cadinene, 5 per cent. Southwestern Nebraska turpentine 
contained: /,d/-a-pinene, 2 per cent; /-8-pinene, 32 per cent; 8-myrcene, 3 per cent; 
d-\*-carene, 38 per cent; /,d/-limonene, 7 per cent; longifolene, 12 per cent; and 
cadinene, 4 per cent. The sample from southeastern Colorado was composed of: 
dl-o-pinene, 5 per cent; /8-pinene, 17 per cent; 6-myrcene, 10 per cent; d-A*- 


carene, 40 per cent; /,d/-limonene, 15 per cent; 


‘T= CHEMICAL COMPOSITION of turpentine of 

Pinus ponderosa from several localities has 
been reported in previous articles of the present 
series. These localities were: Sierra Nevada of 
California, coastal mountains of California, 
northern Idaho, Utah, Arizona, Black Hills of 
South Dakota, and Rocky Mountains of central 
Colorado (2-5). They represent only part of the 
tree’s natural range. P. ponderosa occurs from 
the Pacific Coast to Nebraska and from the 
southern part of western Canada to the Mexican 
border. Therefore it appeared desirable to ana- 
lyze turpentines of this pine from some addi- 
tional, “‘strategically’’ situated places. 

This paper reports the composition of turpen- 
tine obtained from five other localities; south- 
western Idaho, central Montana, southeastern 
Wyoming, northwestern Nebraska, and south- 
eastern Colorado. 


EXPERIMENTAL 


Turpentine was obtained by heating, under re- 
duced pressure, the oleoresin samples from these 
five localities. At the end of each operation, when 
all the turpentine was recovered, the temperature 
of the pot residue (rosin) was increased to 200° and 
the pressure was reduced to 0.1 mm. 

Pinus ponderosa from Southwestern Idaho.—A 


* Received October 7, 1957, from the Institute of Forest 
Genetics, California Forest and Range Experiment Station, 
maintained by the Forest Service, U. 5. Department of Agri- 
culture, in cooperation with the University of California, 
Berkeley. 

The work reported in this paper was aided through a grant 
from the Rockefeller Foundation. 


longifolene, 8 per cent. 


sample of oleoresin was collected near Idaho City, 
Idaho, at an elevation of 4,070 feet. 

The turpentine amounted to 26.5% of the weight 
of oleoresin and had the following physical charac- 
teristics: d?2*, 0.8563; n7}, 1.4758; [a]> — 7.2. A 
404-Gm. batch of turpentine was distilled at a pres- 
sure of 11 mm. in a Todd column, 0.25 mm. inside 
diameter, packed with */,-inch glass helices, and 
equipped with a Todd automatic reflux head. A 
reflux ratio of 10:1 was maintained. 

We had learned previously that the bulk of P. 
ponderosa turpentine from any locality consists 
predominantly of A*-carene and varying amounts 
of a- and 8-pinenes. Accordingly, the percentage of 
a-pinene, 8-pinene and A*-carene were determined 
by physical properties alone, using Sutherland’s 
method (7). 

We estimated that the turpentine sample of Pinus 
ponderosa from southwestern Idaho contained 6% 
of l-a-pinene (fractions 1 to 5), 30% of l-8-pinene 
(fractions 6 to 10), and 40% d-A*-carene (fractions 
11 to 14). 

A slight change in physical properties of Fraction 
12 indicated the possible presence of a substance 
other than A*-carene. This fraction was analyzed 
for 8-myrcene using the method of Berry (1). Ten 
grams of the oil and 0.8 Gm. of maleic anhydride 
were heated for thirty minutes at 100°. The solu- 
tion was cooled, 20 ml. of hexane was added, and the 
resulting mixture was kept at —5° for two days. 
The resulting crystals were recrystallized from hex- 
ane twice, and 0.44 Gm. of crystals were received. 
The crystals possessed a melting point of 33.5 to 
34.5°. The melting point was not depressed by ad- 
mixture of maleic anhydride adduct of known £- 
myrcene. 

The physical properties of fraction 19 indicated a 
probable presence of /,d/-limonene. A 2-ml. sample 
of the fraction was treated with bromine according 
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to the method of Berry (1). After one month of 
refrigeration, the reaction mixture was filtered and 
50 mg. of crude tetrabromide was received. The 
tetrabromide was recrystallized twice from ethyl 
acetate, after which it melted at 124-125°. The 
melting point was not depressed when an authentic 
dl-limonene tetrabromide was admixed. 

Fraction 24 had physical properties which indi- 
cated the presence of terpinolene. Two grams of the 
fraction were treated with bromine using the pro- 
cedure of Berry (1); 2.60 Gm. of crude tetrabromide 
were obtained. After six recrystallizations from 
ethyl acetate a tetrabromide, m. p. 116-117°, was 
received. The melting point was not depressed 
by admixture with authentic terpinolene tetrabro- 
mide. 

Fraction 28 consisted mainly of sesquiterpenes 
and had the following properties: d3*, 0.9159; n*, 
1.5031; [a]%* — 33.4. This fraction was redistilled 
over sodium at 14 mm. pressure; all fractions had 
negative rotations. A heart cut had the following 
properties: by 130-135°, d2*, 0.9104; ni}, 1.5036; 
{al} — 30.1. 

A 3-ml. portion of the heart cut was used to pre- 
pare 200 mg. of a hydrochloride which after three 
recrystallizations from glacial acetic acid had a 
melting point of 120-12).5°. Admixture of L 
cadinene hydrochloride did not depress the melting 
point. 

To sum up, P. ponderosa turpentine from south- 
western Idaho was composed of /-a-pinene, 6%; 
l-8-pinene, 30%; d-A*-carene, 40%; §8-myrcene, 
3%; 1,dl-limonene, 10%; terpinolene, 2%; and 


cadinene, 5%. 


Pinus ponderosa from Central Montana.—The 


Montana sample of turpentine was distilled from 
oleoresin collected near the town of White Sulphur 
Springs, along the course of Whitetail Deer Creek, 
at an elevation of 5,000 feet. 

The yield of turpentine was 17.7%; its physical 
characteristics were these: d2?, 0.8614; ni, 1.4760; 
[a] — 0.9. A330-Gm. batch was distilled through 
the Todd column, described above, at 10 mm. pres- 
sure. A reflux ratio of 10:1 was maintained. 

Sutherland's (7) density /index of refraction dia- 
gram indicated that fractions 1 and 2 consisted 
mainly of l-a-pinene (about 3% of the total). 
Fractions 3 to 10 were those of 1-8-pinene (25%). 
Fractions 11 te 14 contained d-A*carene (47%). 
Fraction 11 contained about 5% of 8-myrcene. 
This open-chain terpene was identified by preparing 
a maleic anhydride adduct, according to Berry (1). 
Admixture of known maleic anhydride adduct of 
myrcene did not depress the melting point of the 
substance. 

A rapid increase of levo-rotation of the following 
fractions, peaking in fraction 19, caused us to sup- 
pose that fractions 15 to 21 contained J,dJ-limonene. 

Two milliliters of fraction 19 were treated with 
bromine by the method of Berry (1); 100 mg. of 
crude tetrabromide were received. After three 
recrystallizations from ethyl acetate the tetrabro- 
mide melted at 124.5° and was not depressed in 
melting point by admixture of authentic dl-limonene 
tetrabromide. 

Fraction 22 had properties indicating the presence 
of terpinolene. Two grams of the fraction were 
treated with bromine using the procedure of Berry 
(1); 2.75 Gm. of crude tetrabromide were obtained. 
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After four recrystallizations from ethyl acetate, 0.31 
Gm. of tetrabromide, m. p. 116-117°, was received. 
The melting point was not depressed by admixture 
of authentic terpinolene tetrabromide. About 8% 
of the charge boiled above 105° at 10 mm.,; it con- 
sisted mainly of sesquiterpenes. The properties of 
the sesquiterpene fractions indicated that there were 
apparently two sesquiterpenes, which occurred in 
the highest purity in fraction 28 and fraction 29. 

Fraction 28 had the following physical properties: 
d2*, 0.93821; 73, 1.5120; [a] +36.3. 

A 3-ml. portion of fraction 28 was used to prepare 
a hydrochloride. After two recrystallizations from 
glacial acetic acid, 0.79 Gm. of crystals were re- 
ceived; the crystals melted at 58.5-59°. Admix- 
ture of known hydrochloride of d-longifolene showed 
no depression. 

Fraction 29 had the following physical properties: 

3°, 0.9159; ni, 1.5052; [a@]7{* —28.2. A3-ml. por- 
tion of fraction 29 was used to prepare 0.33 Gm. of 
hydrochloride. After two recrystallizations from 
glacial acetic acid, 72 mg. of hydrochloride (m. p. 
120-121°; at? —41, c = 1.32 in chloroform) were 
received. Admixture of known levo-rotatory ca- 
dinene hydrochloride did not depress the melting 
point. 

To sum up, turpentine obtained from Pinus 
ponderosa growing in central Montana contained: 
i,dl-a-pinene, 3%; J/-8-pinene, 25%; §-myrcene, 
5%; d-A*-carene, 47%; J-dl-limonene, 6%;  ter- 
pinolene, 4%; longifolene, 2%; cadinene, 5%. 

Pinus ponderosa from Southeastern Wyoming.— 
The material for our work was obtained in the Lar- 
amie Mountains near a place called Esterbrook, at 
an elevation of 6,500 feet. The yield of turpentine 
was 22.0% of the weight of the oleoresin. 

The turpentine had the following characteristics: 
d2*, 0.8673; m7}, 1.4768; [a]i* +1.5. 

A 416-Gm. batch was distilled thgough the pre- 
viously mentioned Todd column at 10 mm. pressure. 
A reflux ratio of 10:1 was maintained. 

Composition of fractions 1 to 14 was determined 
by physical characteristics, according to the method 
proposed by Sutherland (7), except for the identifi- 
cation of 8-myrcene. 

Fraction 1 consisted chiefly of l-a-pinene (2%); 
fractions 2 to 8 contained /-8-pinene (31 per cent). 
Fractions 9 to 14 were d-A*-carene fractions (40% of 
the total oil). Fraction 10 was analyzed for s- 
myrcene. 

Using Berry’s procedure (1), 0.40 Gm. of maleic 
anhydride adduct, m. p. 33.5 to 34.5°, was pro- 
duced. The melting point of the adduct was not 
depressed by admixture of the known maleic an- 
hydride adduct of myrcene. Myrcene amounted 
to about 4% of the total oil. 

The physical properties of fraction 17 indicated 
the probable presence of J,dl-limonene. A 1.5-ml. 
sample of the oil was dissolved in 1:1 ethanol-ethyl 
ether and treated at 0° with bromine according to 
the method of Wallach (8). The solvent was 
evaporated, and the oil was mixed with methanol. 
After several days of standing at —5°, the crystals 
were filtered out and recrystallized three times from 
ethyl acetate. Sixty milligrams of tetrabromide, 
m. p. 124-125°, were received. A mixed melting 
with authentic d/-limonene tetrabromide showed no 
depression. Limonene amounted to 4% of the total 
oil. 
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Pressure, 


Fractions mm 


Residue and losses 


Pinus ponderosa from White Sulfur Springs, 


i0 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
29 10 
Residue and loss 
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Tas_e |.—FRACTIONAL DISTILLATION OF PINUS PONDEROSA TURPENTINE FROM FIVE DIFFERENT LOCALITIES 
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Range, ° C 


Disti 
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Index 
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Density 


Pinus ponderosa from Idaho City, Idaho (404 Gm. used) — 
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69-82 
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Above 1038 
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48-49 
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50-51 
51-51.5 
51.5-52 
52-53 
53-54 
54-55 
55-56 
56-58 
58-60 
60-64 
64-66 
66-67 
67-74 
74-90 
90-105 
105-110 
110-115 
115-116 
Above 116 


Pinus ponderosa from Esterbrook, Wyo. (416 Gm. used) 
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1.4711 
1.4706 
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1.4712 
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0.4726 
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1.4732 
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0.8470 
0.8536 
0.8562 
0.8559 
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0.9513 1.5100 
0.9159 1.5031 


Refraction 


Specific 
Rotation 


lal 
—21.0 
—21.1 
_— 2 
.2 
.0 
5 


9 
- 


) b 
00 em me Oo im OOO I 


to Oe 1-1 © 


to 


Montana (330 Gm. used) 


a3* 
0.8577 
0.8595 
0.8610 
0.8625 
0.8632 
0.8632 
0.8625 
0.8606 
0.8566 
0.8544 
0.8518 
0.8521 
0.8540 
0.8569 
0.8540 
0.8507 
0.8485 
0.8448 
0.8448 
0.8477 
0.8532 
0.8547 
0.8628 
0.9185 
0.9381 
0.9392 
0.9358 
0.9321 
0.9159 


nD 
1. 4669 
1.4690 
1.4720 
1.4719 
1.4746 
1.4760 
1.4762 
1.4756 
1.4744 
1.4738 
1.4728 
1.4720 
1.4718 
1.4720 
1.4730 
1.4738 
1.4741 
1.4751 
1.4756 
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1.4841 
1.4850 
1.4770 
1.4878 
1.4898 
1.4840 
1.4940 
1.5120 
1.5052 


a} 

0.8580 1.4670 
0.8654 1.4700 
0.8591 1.4722 
0.8606 1.4737 
0.8588 1.4738 
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Tasie I.—( Continued) 
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Pinus ponderosa from Beulah, Colorado (420 Gm. used) 
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Tas_e I.—( Continued) 





Distillate, 


Fractions mm. 
10 
10 
10 
10 
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10 
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1 


1 
0 
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Fraction 21 had physical properties which indi- 
cated the presence of terpinolene. Two grams of 
the fraction were treated with bromine using the 
procedure of Berry (1). 2.53 Gm. of crude tetra- 
bromide were obtained. After four recrystalliza- 
tions from ethyl acetate, 0.45 Gm. of crystals, m. p. 
116-117°, were received. The melting point was 
not depressed by admixture of known terpinolene 
tetrabromide. Terpinolene amounted only to 1% 
of the total oil. About 15% of the original charge 
boiled above 105° at 10 mm. and consisted mainly 
of sesquiterpenes. Distillation data indicated the 
presence of two sesquiterpenes, which occurred in 
highest concentration in fraction 29 and fraction 31. 

Fraction 29 had the following physical properties: 
d3*, 0.9326; ns, 1.5019; [a]}* +40.7. A 3-ml. por- 
tion of fraction 29 was used to prepare a hydrochlo- 
ride. After two recrystallizations from glacial acetic 
acid, 1.2 Gm. of crystals which melted at 59 to 59.5° 
were received. An admixture of authentic hydro- 
chloride of d-longifolene did not depress the melting 
point of the hydrochloride. 

Fraction 31 had the following physical properties: 
d2*, 0.9134; 3, 1.5052; [a]* —40.5. A 3-ml. por- 
tion of fraction 31 was used to prepare 0.41 Gm. of 
hydrochloride. After two recrystallizations from 
glacial acetic acid, 53 mg. of hydrochloride (m. p. 
119-119.5°; a4) —39, c = 1.05 in chloroform) were 
received. An admixture of authentic cadinene 
hydrochloride did not depress the melting point. 

To sum up, turpentine from the Laramie Moun- 
tains, southeastern Wyoming, contained: /-a- 
pinene, 2%; J/-8-pinene, 31%; 8-myrcene, 4%; 
d-A*-carene, 40%; /,dl-limonene, 4%; terpinolene, 
1%; longifolene, 10%; cadinene, 5%. 
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Pinus ponderosa from Northwestern Nebraska. 
Oleoresin was obtained from trees growing at the 
easternmost locality of distribution of P. ponderosa, 
near the town of Chadron, Nebraska, at an eleva- 
tion of 3,500 feet. The oleoresin yielded 18.9% 
of turpentine, which had the following physical 
characteristics: di*, 0.8695; mn‘, 1.4781; [a]%* 
—0.9°. A 3.65-Gm. batch of turpentine was dis- 
tilled through the Todd column at 11 mm. pressure. 
A reflux ratio of 10: 1 was maintained. 

Fractions 1 to 13, as in the previous samples, were 
studied by means of the Sutherland d/n diagram 
(7). 

Fractions 1 and 2 consisted of /-a-pinene (2% of 
the total oil). Fractions 3 to 9 contained mainly 
l-8-pinene (32%). Fractions 11 to 13 were those 
of a-A*-carene (38%). 8-Myrcene (3%) was iden- 
tified in fraction 11 by preparing a maleic anhydride 
adduct, according to the method outlined by Berry 
(1). 

The physical properties of fraction 18 indicated 
the probable presence of i/,dl-limonene. Two 
grams of the oil were treated with bromine, as out- 
lined previously (1). The twice recrystallized 
tetrabromide had a melting point of 124.5°, which 
was not depressed by admixture of authentic dl- 
limonene tetrabromide. 

The properties of fraction 21 indicated the pres- 
ence of terpinolene. The fraction was redistilled 
over sodium at atmospheric pressure. Two milli- 
liters of a heart cut were treated with bromine using 
the procedure of Berry (1); 4.39 Gm. of crude 
tetrabromide were received. After four recrystal- 
lizations from ethyl acetate, 0.36 Gm. of a tetra- 
bromide, m. p. 117.5 to 118.5°, was received. The 
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melting point was depressed by admixture with 
known terpinolene tetrabromide but the melting 
point was not depressed on admixture of the tetra- 
bromide (m. p. 117.5 to 118.5°) obtained from frac- 
tion 20 of the turpentine from Beulah, Colorado 
(see next sample). 

It should be noted that both fraction 23 of P. 
ponderosa from Beulah, Colorado, and fraction 21 
of P. ponderosa from Chadron, Nebraska, were re- 
distilled at atmospheric pressure over sodium. 
This is probably the reason for the discrepancy in 
results. 

About 15% of the original charge boiled above 
106° at 11 mm. and consisted mainly of sesquiter- 
penes. The distillation data indicated the presence 
of two sesquiterpenes, which occurred in highest con- 
centration in fraction 29 and fraction 31. 

Fraction 29 (17.6 Gm.) had the following proper- 
ties: d3*, 0.9273 n*4;°, 1.5011; [a]? +40.0. A3-ml. 
portion of fraction 29 was used to prepare a hydro- 
chloride. After two recrystallizations from glacial 
acetic acid, 1.3 Gm. of crystals melting at 58 to 59° 
were received. An admixture of authentic d-longi- 
folene hydrochloride showed no melting point de- 
pression. 

Fraction 31 (14.4 Gm.) had the following proper- 
ties: d2°, 0.9135; n*4,°, 1.5042;[a]7? —24.0. A 3-ml. 
portion of fraction 31 was used to prepare 0.51 Gm. 
of crude hydrochloride. After two recrystallizations 
from glacial acetic acid, 70 mg. of hydrochloride 
(m. p. 119 to 120°; a**, —40, ¢ = 1.36 in chloro- 
form) were received. When known cadinene hydro- 
chloride of negative rotation was added, the melting 
point was not depressed. 

To sum up, turpentine obtained from north- 
western Nebraska, contained: 1,dl-a-pinene, 2%; 
1-8-pinene, 32%; 8-myrcene, 3%; d-A*-carene, 
38%; i,dl-limonene, 7%; longifolene, 12%; cadi- 
nene, 4%. 

Pinus ponderosa from Southeastern Colorado.— 
The oleoresin was collected near the settlement of 
Beulah, some 35 miles southwest of Pueblo, Colo- 
rado. Elevation of the place was 7,500 feet. Upon 
distillation, the oleoresin yielded 20.0% of turpen- 
tine. The turpentine possessed the following physi- 
cal properties: d*2, 0.8661; 4? 1.4760; [a]7? +1.8°. 
A 420-Gm. batch of turpentine was distilled in the 
above described Todd column at 10 mm. pressure. 
A reflux ratio of 10:1 was maintained. 

Physical properties of fractions 1 to 15 were stud- 
ied following Sutherland’s method (7). Fractions 
1 to 3 consisted of slightly dextrorotatory a-pinene, 
(about 5%), apparently with an admixture of /-a- 
pinene. Fractions 4 to 9 were /-8-pinene fractions 
(about 17%). Fractions 12 to 15 were composed 
of d-A*-carene (about 40%). Fractions 10 and 11 
apparently contained 8-myrcene. 

Berry’s procedure (1) was carried out with 10 Gm. 
of maleic anhydride and 10 Gm. of fraction 11; 
150 mg. of adduct, m. p. 33.5 to 34.5°, were ob- 
tained. The melting point was not depressed by 
admixture with the maleic anhydride adduct of 
known §-myrcene. 

A sudden change in rotation in fraction 16 and a 
rapid increase in a levorotatory compound, with a 
peak of —64.0 in fraction 19, indicated the presence 
of 1,dl-limonene in fractions 16 to 22. Two milli- 
liters of the fraction were treated by the method of 
Berry (1). 1.14 Gm. of crude tetrabromide were 
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received. After several recrystallizations from 
ethyl acetate, alternated with chloroform and addi- 
tion of cold methanol, a few mg. of crystals melting 
at 103 to 104° were receiveri. The melting point 
was not depressed by admixture of authentic dl- 
limonene tetrabromide. Limonene amounted to 
15% of the total oil. 

Fraction 23 had properties which indicated the 
presence of terpinolene. The fraction was redis- 
tilled at atmospheric pressure over sodium. Two 
milliliters of a heart cut were treated with bromine 
using the procedure of Berry (1). 3.04 Gm. of 
crude tetrabromide were received. After four 
recrystallizations from ethyl acetate, 0.47 Gm. tetra- 
bromide, m. p. 117.5 to 118.5°, was received. The 
melting point was depressed by admixture with 
either terpinolene tetrabromide or the tetrabromide 
of 1,8-phellandrene. Apparently, terpinolene was 
absent in this sample. About 11% of the original 
charge boiled above 106° at 10 mm. pressure and 
consisted mainly of sesquiterpenes. The distilla- 
tion data indicated that the main sesquiterpene 
constituent was most pure in fraction 31. 

Fraction 31 had the following physical properties: 
di*, 0.9322; n7}, 1.5018; [a]}i* +46.4. A3-ml. por- 
tion of fraction 31 was used to prepare a hydrochlo- 
ride. After two recrystallizations from glacial ace- 
tic acid, 1.6 Gm. of crystals which melted at 58.5 
to 59° were received. When authentic longifolene 
was added, the melting point was not depressed. 

Fraction 33 had the following physical character- 
istics: d?*, 0.9218; n33, 1.5045; [a]}* + 6.3. The 
fraction was redistilled over sodium, producing a 
7.0 Gm. heart cut with the properties: d?*, 0.923; 
n>, 1.5039; [a]7° +13.7. A 3-ml. portion of the 
heart cut was used to prepare a hydrochloride. 
After two recrystallizations from glacial acetic acid, 
0.21 Gm. of hydrochloride, m. p. 59 to 59.5°, was 
received. The melting point was not depressed by 
admixture of authentic hydrochloride of d-longi- 
folene. 

To sum up, the turpentine sample from south- 
eastern Colorado was composed of the following 
ingredients: dl-a-pinene, 5%; J-8-pinene, 17%; 
- a pap ste 10%; d-A*-carene, 40%; 1,dl-limonene, 

5%; longifolene, 8%. 

The results of the analyses of the five samples of 
turpentines, together with seven samples previously 
reported (2-5) show that Pinus ponderosa turpen- 
tine, throughout the extensive range of the distri- 
bution of this species, always contained large 
amounts of A*-carene; within the species there are 
several chemical varieties or forms. Penfold (6) 
calls these physiological varieties. In some of these 
varieties, monocyclic terpenes were represented by 
limonene, in others by limonene and terpinolene. 

In some varieties the sesquiterpenes were repre- 
sented by longifolene and cadinene; in other varie- 
ties by cadinene alone or by longifolene alone. 
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Composition of Gum Turpentine of Pines XXX* 


A Report on Pinus serotina, Pinus tenuifolia, and Pinus yunnanensis 


By N. T. MIROV 


Pinus serotina tur 
90 per cent; m 
terpenes. 


ntine was found to consist of -a-pinene, 5 per cent; /-limonene, 
yl chavicol, 1 per cent; and 2 or 3 per cent of unidentified sesqui- 
P. tenuifolia tarpentine contained: d-a-pinene, 77 per cent; /-8-pinene, 


6 to 7 per cent; A*-carene, 8 per cent; terpinolene, 1 to 2 per cent; methyl chavicol 


(possibly) less than 1 per cent; linalool, about 1 


per cent. 


parently 


Pinus Serotina Mich.—Pinus serotina, or pond 
pine, sometimes is described as a subspecies (1) 
or a variety of Pinus rigida. Shaw (7) and Little 
(5) consider this pine as an independent species. 

Pinus serotina grows on the coastal plains from 
southern New Jersey to central and northwestern 
Florida and Alabama. Its turpentine was analyzed 
in 1908 by Herty and Dixon (3). The steam dis- 
tilled turpentine had these physical characteristics: 
density, d*® = 0.8478; index of refraction, ni) = 
1.4734; specific rotation, [a]7? = —105°36'. The 
turpentine began to boil at 172°. In the fraction 
boiling at 175° to 176°, Herty and Dixon identi- 
fied -limonene by preparation of a tetrabromide. 
No other terpenes were identified, although a small 
amount of sesquiterpenes was suspected. Herty 
and Dixon reported that 90 per cent of the turpen- 
tine consisted of /-limonene. 

In 1954 we received a sample of pond pine oleo- 
resin from the Olustee Experimental Forest, northern 
Florida. The turpentine was obtained by heating 
the oleoresin under reduced pressure; at the end 
of the operation, the pot temperature reached 212°, 
and the pressure was reduced to 2 mm. The yield 
of turpentine was 19 per cent of the weight of the 
oleoresin. The physical characteristics of the tur- 
pentine were these: density, dj* = 0.8437; index of 
refraction, ni} = 1.4716; specific rotation, [a]? = 
— 83.7. 

A 300-Gm. batch of the turpentine was fraction- 
ated with a Vigreux-type column, 80 cm. long and 
1.5 cm. inside diameter, equipped with a heated 
jacket. A reflux ratio 10 to 1 was maintained. 
The pressure was 663 mm. In fractions 1 and 2, 
a-pinene was identified. A copious precipitate of 
pinene nitrosochloride was obtained from both 
fractions when the oil was diluted with glacial acetic 
acid, chilled, mixed with amyl nitrite, and a 1:1 
mixture of hydrochloric and acetic acids was added 
dropwise. After three recrystallizations from chlo- 
roform by addition of cold methanol, the nitroso- 
chloride melted at 104-105°. 

Attempts to identify 8-pinene in fraction 6 were 
not successful. Physical characteristics of fractions 

* Received October 7, 1957, from the Institute of Forest 
Genetics, California Forest and Range Experiment Station, 
maintained by the Forest Service, U. 5. De ment of Agri- 
culture, in cooperation with the University of California, 
Berkeley. 

The work reported in this paper was aided through a grant 
from the Rockefeller Foundation 


Included in this article is a brief summary of the entire 
project 


cent; sesquiterpene fraction, 1 


P. yunnanensis turpentine contained /-a-pinene, 87 per cent; possibly 
small amounts of /-8-pinene; oxygenated terpene compounds, 5 or 6 per cent. 
ere were no sesquiterpenes. 


Ap- 


8 to 17 (Table I) clearly indicated the presence of 
large amounts of L-limonene. This terpene was 
identified in fraction 13 by preparation of limonene 
tetrabromide. After four recrystallizations from 
ethyl acetate, the tetrabromide possessed a melting 
point of 105-106°. Fraction 17 was extremely 
fragrant. It contained a great deal of limonene, to 
be sure, but also, apparently, an admixture of some 
oxygenated compounds. This fraction was redis- 
tilled to remove most of limonene. The higher 
boiling part of the fraction (1.3 Gm.) was oxidized to 
homoanisic acid. [See Tu1s JouRNAL 43, 741(1954)). 
Recrystallized from hot n-hexane, the homoanisic 
acid possessed a m. p. of 85-86°. The homoanisic 
acid was further oxidized, by the action of chromic 
anhydride, to anisic acid. Recrystallized from n- 
hexane, the acid had a melting point of 183.7- 
184.6°. There was no depression of melting point 
upon admixture of authentic anisic acid. Thus, 
presence of methyl chavicol in the turpentine of P. 
serotina was established.' Possibly the flask residue 
contained some sesquiterpenes, but these did not 
amount to more than 2 or 3% of the total oil. 

To sum up, turpentine of P. serotina contained: 
l-a-pinene, 5%; /-limonene, 90%; methyl chavicol, 
1%, and 2 or 3% of unidentified sesquiterpenes. 

Pinus Tenuifolia Benth.—Pinus tenuifolia Benth. 
was discovered and named in 1839, but later it lost 
its specific rank and was described by Shaw (7) as a 
variety of Pinus pseudostrobus. Martinez (6) con- 
siders it an independent species. 

Judging by the chemistry of its turpentine, which 
is much more complicated and quite different from 
that of P. pseudostrobus, we concur with Martinez, 
and consider P. tenuifolia a valid species. 

An oleoresin sample of P. tenuifolia came to us 
through the courtesy of Mr. Louis Huguet from the 
vicinity of Uruapan, Michoacan, Mexico. The 
turpentine was expelled from the oleoresin under re- 
duced pressure; at the end of the distillation, pot 
temperature was 180°, and pressure was 2 mm. 
The yield of turpentine was 27%. The physical 
characteristics of the turpentine were as follows: 
density, d2°°* = 0.8600; index of refraction, n*‘,° 
= 1.4672; specific rotation, [a]p = +25.6. 

A batch of 964 Gm. of the turpentine was frac- 
tionated in the Todd apparatus described in previous 
articles of this series; 72% of the turpentine was 


! Thanks are due to Dr. Gene Kritchevsky for identifica- 
tion of methyl! chavicol. 
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distilled under atmospheric pressure, the rest under 
a pressure of 9 mm. Hg. The results of the frac- 
tional distillation are shown in Table I. 

The lower-boiling fractions consisted of d-a-pin- 
ene; this terpene was identified in fraction 2 by the 
usual preparation of nitrosochloride, which after 
several precipitations from chloroform by cold 
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methanol, possessed a melting point of 105 to 106°. 
Fraction 12 was tested for 8-pinene, by the usual 
preparation of nopinic acid, which, after two re- 
crystallizations from benzene, had a melting point 
of 127°. 

Fraction 16 yielded a nitrosate; after recrystalli- 
zation from chloroform by addition of cold methanol, 


TABLE I.—FRACTIONAL DISTILLATION OF TURPENTINE OF PINUS SEROTINA, P. YUNNANENSIS, AND P. 
TENUIFOLIA 


Boiling 
Range, 
"¢ 





Pressure 
Pinus serotina (308 Gm. used) 

663 150-161 
6. 161-162 
162-163 
163-164 
164-165 
165-166 
166-167 
167-168 
168-169 
169-170 
170-171 
171-172 
172-173 
173-174 
174-175 
175-178 
178-200 


Fractions 
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17 

Residue 

Losses — ahi 
(2) Pinus tenuifolia (964 Gm. used) 
760 107-155 
760 155-156 
760 156-157 
760 38-39 
769 39-41 
769 41-43 
769 43-44 
769 44-45 
769 45-46 
769 46-47 
47-48 
48-49 
49-50 
50-52 
§2-53 
53-54 
54-55 
55-56 
56-62 
62-66 
66-68 
68-70 
70-80 
80-84 
84-86 
86-90 
90-95 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Residue and losses 


(3) Pinus yunnanensis (29 Gm. used) 
760 153-154 
760 154-155 
760 155-157 
760 157-159 
760 159-161 
above 161 


Distillate, 
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.4693 


Density 
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0.8445 
0.8416 
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0.8423 
0.8426 


0.8402 
0.8397 


0.8396 
0.8396 
0.8427 
0.8713 
aj* 
0.8557 
0.8558 
0.8569 
0.8579 
0.8588 
0.8593 
0.8595 
0.8595 
0.8602 
0.8602 
0.8602 
0.8602 
0.8602 
0.8593 


0.8584 
0.8581 
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the nitrosate melted at 146°. Thus the presence 
of d-A*-carene in turpentine of P. tenuifolia was 
established. 

Terpinolene detected in fraction 21. A 
tetrabromide prepared from the oil of this fraction 
was recrystallized from chloroform by addition of 
cold methanol. The melting point of the tetrabro- 
mide was 109 to 110° 

Fractions 23 and 24 possessed a fragrant odor, 
suggesting the presence of an oxygenated terpene 
compound. Fraction 24 was examined by Dr. 
Gene Kritchevsky and was found to contain linalool. 
Its p-nitrobenzoate possessed a melting point of 
69.0 to 70°. Its phenylurethane melted at 63.6 to 
64.2°. The spectral data of fraction 24 suggested 
the presence of small amounts of methyl chavicol. 

Judging from the density of fraction 27, it obvi- 
ously contained some sesquiterpenes. A hydro- 
chloride was prepared using 3 Gm. of the oil of this 
fraction, dissolved in 24 cc. of dry ether, and treated 
with dry HCl gas for thirty minutes at 0°. The 
ether was then evaporated. Upon standing in a 
refrigerator for three weeks, hydrochloride crystals 
were formed, but these melted as soon as the evapo- 
rating dish was removed from the refrigerator. 

Similar behavior of a hydrochloride melting at 
low temperature has been observed in Pinus insu- 
laris and P. glabra. 

To sum up, turpentine of P. tenuifolia contained: 
d-a-pinene, 77%; /-8-pinene, 6 to 7%; d-A*-carene, 
8%; terpinolene, 1 to 2%; methyl chavicol (pos- 

sesqui- 


was 


sibly), less than 1%; linalool, about 1%; 
terpene fraction, 1%. 

Pinus yunnanensis Franchet.—Pinus yunnanen- 
sis was described by Franchet in 1899 as an inde- 
pendent species. Shaw (8) considers it as a variety 
and calls it Pinus sinensis var. yunnanensis. Lately, 
however, the name P. sinensis has fallen into misuse 
and to a certain degree has been replaced by the 
name P. tabulaeformis. Pinus yunnanensis has 
again become in the eyes of some botanists (4) a 
valid species. 

Wu (9), working with herbarium material, ar- 
rived at the conclusion that Pinus yunnanensis and 
Pinus insularis are the same species. It is seen 
then, that opinions differ as to the botanical status 
of P. yunnanensis. 

This pine grows in all of Yunnan province except 
the alpine zone and in the southwestern part of 
Kweichaw province. It also occurs in upper Burma, 
northern Viet Nam, and in a narrow belt of northern 
India 

As it was difficult to obtain oleoresin of this pine 
from its native habitat, the writer tapped a few 
planted trees growing in the Eddy Arboretum, In- 
stitute of Forest Genetics, near Placerville, Cali- 
fornia. A little more than 30 Gm. of turpentine 
was obtained by heating the oleoresin under reduced 
pressure. At the end of the distillation, temperature 
was raised to 180°, and the pressure was reduced to 
1 mm. 

The yield of turpentine was 22.6%; its character- 
istics were as follows: density, d*}°* = 0.8591; in- 
dex of refraction, ni; = 1.4663; specific rotation, 
[a]? = —443. 

A batch of 29 Gm. was fractionated in a Todd 
column fitted with a Vigreux-type tube 80 cm. 
long and 1.5cm. inside diameter. The reflux ratio 
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was 10 to 1 throughout the distillation. 
of the fractionation are presented in Table I. 

Judging from the physical characteristics of the 
fractions, P. yunnanensis turpentine consisted of at 
least 87% l-a-pinene. A pinene nitrosochloride 
was prepared from fraction 2. The nitrosochloride, 
recrystallized from chloroform by addition of cold 
methanol, possessed a melting point of 106-107°. 
Addition of authentic pinene nitrosochloride did not 
lower the melting point. 

A slight drop in density of fraction 5 suggested 
the presence of another terpene, but there was not 
enough material to identify it. 

Characteristics of the residue (which was not 
“oily” and was very fragrant) do not point to any 
appreciable amounts of sesquiterpenes, but they 
suggest the presence of a dextrorotatory oxygenated 
compound. 

To sum up, P. yunnanensis turpentine contains 
l-a-pinene, 87%; possible /-8-pinene (small 
amounts), and oxygenated terpene compounds 5 or 
6%. Apparently there were no sesquiterpenes. 


Results 


ENTIRE PROJECT SUMMARY 


This paper completes the project of systematic 
investigation of chemical composition of gum 
turpentines of the species of genus Pinus. Tur- 


pentines of 66 pines have been investigated or, 
in some instances, re-examined. 
Some of the results of our inquiry are given. 


We have found ethyl caprylate in the turpen- 
tine of Pinus edulis. Previously this ester was 
positively identified only in fusel oil of grape 
brandy. 

A sesquiterpene, albicaulene, a corresponding 
sesquiterpene alcohol, albicaulol, and a diterpene, 
cembrene, were all three found in Pinus albicaulis 
turpentine and named. These are apparently 
new substances, not reported previously in any 
plants. Later we found albicaulene and albi- 
caulol in several more pines. 

A bicyclic sesquiterpene which was found in 
Pinus pinceana turpentine and which was named 
maderene is also probably a new sesquiterpene. 
A diterpene occurring in P. koraiensis turpentine 
which formed maleic anhydride adduct, is prob- 
ably a newly found hydrocarbon. 

Longifolene was reported by us in turpentines 
of many American and Mexican pines, often in 
large quantities. 

We have found methyl chavicol in gum tur- 
pentines of several pines. 

Linalool was identified in turpentine of Pinus 
tenuifolia. 

We have found that paraffin hydrocarbons are 
not so rare as ingredients of pine gum turpen- 
tines as had been previously supposed; n-heptane 
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was found in turpentines of 8 pines; m-undecane 
in 7. 

Myrcene was found in turpentines of 5 pines 
and ocimene in 1. Terpinolene was detected in 
turpentines of 5 pines. 

A bicyclic terpene, A*-carene, proved to be a 
rather common terpene in American pines. 
Some varieties of Pinus ponderosa contained more 
than 50 per cent of this terpene. 

Besides contributing to knowledge of turpen- 
tine chemistry, information reported in the pub- 
lications of this series has served as a foundation 
for studying the distribution, variability, and 
inheritance of terpenes and associated nonter- 
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pene compounds of the species of the genus 
Pinus. 
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Concentration of an Alfalfa Growth Factor for 
ete ooh sitophila and Its Use in the 
Microbiological Assay of Pyridoxine" 


By ARTHUR F. NOVAK, MARY LOU JONNARD, and JOSEPH A. LIUZZOt 


Dehydrated alfalfa leaf meal contains an unidentified factor(s) necessary for maxi- 


— wed wong of Neurospora si: 


bila in Difco Bacto Pyridoxine Assay Medium. A 
ure for one-thousand-fold concentration of this factor was develo 
es extraction of dehydrated alfalfa leaf meal with dilute hydroch 


which 
ic acid, 


precipitation of inert material with ethanol, removal of impurities soluble in diethyi 


ether, chloroform, and benzene, followed by chromatograph 


ic ad 


active substance on fuller’s earth, and then elution with hydrochloric acid. Supple- 


mentation of 100 Gm. of Difco Bacto Pyridoxine Assay Medium with 


ximately 


0.5 Gm. of concentrate will improve use of the medium for the mic as- 
say of pyridoxine in vitamin products containing alfalfa concentrates. 


| A PREVIOUS PUBLICATION (1) in 1953, it was 
shown that the addition of alfalfa extracts 
caused excessive growth of Neurospora sitophila 
in a medium considered complete for the micro- 
biological assay of pyridoxine. This method can- 
not be employed for accurate pyridoxine assays 
of vitamin products containing alfalfa concen- 
trates because they contain another factor neces- 
sary for maximum growth of the test organism. 
The nature of this substance was studied. 


EXPERIMENTAL 


Dehydrated alfalfa leaf meal was used as the 
source of all fractions discussed in this investigation. 

Difco Bacto Pyridoxine Assay Medium (Formula 
revised July 1954) (2), patterned after that de- 
scribed by Stokes, ef al. (3), and modified by Barton- 
Wright (4), was employed because it is highly 
standardized and results can be duplicated reason- 


* Received September 25, 1957, from the Department of 
Agricultural Chemistry and Biochemistry, Louisiana State 
University, Baton Rouge, La. 

+ Department of Animal Husbandry, Michigan State Uni- 
versity, East Lansing, Mich. 





ably. The fact that this commercial product is 
deficient in an unidentified factor(s) present in al- 
falfa, but which is required for maximum growth of 
the assay organism Neurospora sitophila 299 ATTC 
9276, is the basis for this investigation. Any sig- 
nificant growth response by this organism above 
that obtained with the basal medium, and caused by 
supplementation with alfalfa or its fractionation 
products, was a verification of the presence of an 
essential substance in the fraction being tested. 

Difco Bacto Neurospora Culture Agar (2) was 
used for maintaining a stock culture of the organ- 
ism, and for preparing the inoculum. This culture 
was transferred at fifteen-day intervals and stored 
under refrigeration at 0°. To prepare an inoculum 
of Neurospora sitophila, a transfer was made forty- 
eight hours prior to the assaying period. 

Pyridoxine stock solution was prepared by dis- 
solving 20 mg. of pyridoxine in 200 ml. of distilled 
water. This standard solution was discarded after 
one month, and a new solution prepared. It was 
stored under refrigeration in an amber bottle to 
prevent decomposition or inactivation. The con- 
centration of pyridoxine used per assay flask (vol- 
ume 10 ml.) was 0.1 mg. 

To rehydrate the assay medium, 5 Gm. Difco 
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Bacto Pyridoxine Assay Medium were dissolved in 
100 ml. of distilled water and boiled for several 
minutes. The medium was cooled, and distributed 
in 50-ml. Erlenmeyer flasks. Five milliliters of the 
assay medium and 1 ml. of pyridoxine stock solu- 
tion were added to each flask. This is referred to as 
the basal medium. Volume in the control flasks 
was adjusted to 10 ml. by the addition of 4 ml. of 
distilled water. Alfalfa concentrates to be tested 
were then added to the remaining flasks in concen- 
tration equivalent to 0.8 Gm. of dehydrated alfalfa 
leaf meal per flask. Preliminary experiments 
showed this to be the concentration necessary for 
maximum stimulation of the organism in the basal 
medium. This was ascertained from tests made by 
adding different levels of an aqueous extract of de- 
hydrated alfalfa leaf meal to flasks containing the 
basal medium. Growth response of Neurospora 
sitophila was measured by comparison of mycelial 
weights. Results are given in Table I. 


GROWTH RESPONSE TO INCREASING CoN- 
CENTRATIONS OF ALFALFA 


Taste I. 


Dry Mycelial Wt. 
mg./ Flask 
48.0 
54.0 
65.2 
76.2 
76.1 


Conen. of Alfalfa, 
Gm./ Flask 
None 
0.2 
0.5 
0.8 
1.6 





* Each figure is average of six flasks. Least significant 


difference at 1% level is 2.9 mg. 


Fractions failing to cause increased growth of the 
organism above the control were retested in higher 
concentrations. 

All test flasks were autoclaved at 121° for fifteen 
minutes, cooled to room temperature, and inoculated 
with a culture of Neurospora sitophila. Inocula 
was prepared by transferring one loop of spores 
from a forty-eight hour culture of the organism into 
100 ml. sterile 1% saline. One drop of this sus- 
pension was added to each flask from a sterilized 1- 
ml. pipet, and the flasks were incubated at 30° for 
five days. At the termination of the incubation 
period, the mycelia were removed from the flasks 
with a stiff wire needle, and pressed dry between 
paper towels. Each mycelium was then dried to 
constant weight at 100° and weighed. 

All pH adjustments were made with hydrochloric 
acid and sodium hydroxide. 

This general procedure was employed throughout 
the entire experiment to measure the activity of the 
various alfalfa fractions. 

Chemical and Physical Properties of the Uni- 
dentified Growth Factor(s).—This phase of the 
project was planned to obtain facts upon which a 
reasonable commercial procedure for concentration 
of the factor could be based. The following alfalfa 
fractions were made in order to show these proper- 
ties. Every time a separation was obtained, each 
fraction was tested for growth promoting activity. 
Fractions with questionable activity were elimi- 
nated. 

Dehydrated alfalfa leaf meal was extracted with 
distilled water in a 1-Gm. to 5-ml. proportion by 
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autoclaving the mixture at 121° for thirty minutes. 
Another portion of leaf meal was extracted with 
0.1 N hydrochloric acid by the same method. The 
mixtures were cooled and filtered through What- 
man No. 1 paper. Both extracts were adjusted to 
pH 4.5 and tested for activity. Residues from these 
extractions were discarded. 

The acid extract, which was found to be more ac- 
tive than the aqueous extract, was adjusted to pH 
7.2 and the whole extract was precipitated by the 
addition of 2 volumes of 95% ethanol. The pre- 
cipitate was separated by filtration through What- 
man No. 1 paper and dissolved in water. Ethanol 
was removed from the filtrate by boiling. Both the 
aqueous solution of the precipitate and the filtrate 
fractions were tested for activity. 

The fact that the factor(s) is extracted in acid 
solution under high temperature is verification of its 
stability in solution at a low pH. To determine 
whether or not the factor(s) is stable to heat in 
alkaline solution, the ethanol filtrate was adjusted 
to pH 12.0 and boiled for fifteen minutes. 

Twenty-milliliter aliquots of the ethanol filtrate 
were adjusted to pH 4.5 and each extracted by three 
repeated extractions in a separatory funnel with 
30-ml. portions of selected solvent. Solvents used 
for extractions were: diethyl ether, chloroform, 
carbon tetrachloride, and benzene. A _ 20-1ml. 
aliquot of the ethanol filtrate was adjusted to pH 
8.5 and extracted with diethy! ether in the same man- 
ner. The solvent from each extraction was evapo- 
rated to dryness on a steam bath, and 4 ml. of dis- 
tilled water was added to each flask to dissolve the 
residue remaining in the container. 

Twenty-milliliter portions of the ethanol filtrate 
were adjusted to various pH’s and passed through 
200 x 18mm. chromatographic columns packed 
half full with the adsorbant. The adsorbants used 
were: activated carbon (Darco), fuller’s earth 
(Sargent), and levitated alumina (Schaar). Each 
adsorbant selected was mixed half and half with 
Celite prior to packing in the column. Columns 
packed with the adsorbants were wetted with water 
before the active solutions were passed through. 
After passing the filtrate through the columns, 
each was eluted with 0.1 N hydrochloric acid. 

The ethanol filtrate at pH 8.5 was precipitated by 
acetone and this precipitate dissolved in water. 
Acetone was removed from the filtrate by evapora- 
tion on a steam bath, and 4 ml. of distilled water 
was added to the residue. 

After the solutions were adjusted to pH 4.5, the 
solvent extracts, aqueous preparations from the 
solvent extractions, fractions that passed through 
columns, and the heat treated ethanol filtrate at 
pH 12.0 were tested for activity. Results are listed 
in Table IT. 

To prepare a concentrate of the active substance, 
100 Gm. of dehydrated alfalfa leaf meal were ex- 
tracted with 500 ml. of 0.1 N hydrochloric acid by 
autoclaving for thirty minutes at 121°. This prepa- 
ration was filtered through Whatman No. 1 paper, 
and the residue washed with distilled water before 
being discarded. The filtrate and washings were 
combined and concentrated to 500 ml. by direct 
heat. After adjusting the concentrated filtrate to 
pH 7.2, two volumes of 95% ethanol were added, 
stirred, and allowed to stand overnight. A gela- 
tinous precipitate formed which was removed by 
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TAaB_e II.—-Some PROPERTIES OF THE UNIDENTIFIED 


GrowrTs Factors 


Dry 
Mycelial 
Supplements to Basal Medium, e 
Equivalent to 0.8 Gm. Alfalfa 
None 
Ethanol filtrate of the acid extract 
Heat treated ethanol filtrate, pH 12.0 


t., 
mg./ Flask 
47.5 
74.0 
65.0 


Extractions of ethanol filtrate: 
1. Diethyl ether, pH 4.5 
(a) Extract No 
growth 
(b) Aqueous phase 87.3 
. Diethyl ether, pH 8.5 
(a) Extract 48.0 
(b) Aqueous phase 67.0 
. Chloroform, pH 4.5 
(a) Extract 47.1 
(b) Aqueous phase 73.2 
. Carbon tetrachloride, pH 4.5 
(a) Extract 46.4 
(6) Aqueous phase 85.1 
. Benzene, pH 4.5 
(a) Extract 47.9 
(b) Aqueous phase 85.1 
3. Acetone, pH 8.5 
(a) Precipitate 61.5 
(6) Filtrate No 
growth 


Chromatographic columns of: 
1. Alumina levitated filtrates 
pH 4.7 
pH 7.0 
pH 9.0 
2. Fuller's earth filtrates 
pH 4.5 
pH 7.0 
pH 8.5 
3. Fuller’s earth eluate, p}{ 8.5 
4. Activated carbon, pH 6.0 





@ Each figure is average of six flasks. 
difference at 1% level is 2.6 mg. 


Least significant 


filtration, washed with 95% ethanol, and discarded. 
Ethanol was removed from the filtrate by evapora- 
tion on a steam bath, and the volume was adjusted 
to 500 ml. by addition of distilled water. (One 
milliliter is equivalent to 0.2 Gm. of dehydrated 
alfalfa leaf meal.) This solution is referred to as 
the ethanol filtrate fraction. 

Twenty milliliters of the ethanol filtrate was 
adjusted to pH 4.5 and extracted three times with 
30-ml. portions of diethyl ether. The ether ex- 
tracts were discarded, and the remaining solvent in 
the aqueous phase was adjusted to 20 ml. by the 
addition of distilled water. This aliquot was desig- 
nated as Fraction A. 

Fraction A was extracted three times with 30-ml. 
portions of chloroform at pH 4.5. An emulsion 
formed, but upon standing separated into two sepa- 
rate phases. The solvent extracts were discarded, 
and the remaining solvent in the aqueous phase was 
adjusted to 20 ml. with distilled water, and this was 
called Fraction B. 

Fraction B was extracted three times with 30-ml. 
portions of benzene at pH 4.5. The solvent ex- 
tracts were discarded and the remaining solvent 
present in the aqueous phase was removed by steam 


Screntiric Eprrion 


415 


evaporation. Volume of the aqueous phase was 
adjusted to 20 ml. as above, and this solution was 
called Fraction C. 

Fraction C was adjusted to pH 8.5 and passed 
through a chromatographic column of fuller’s 
earth. Previously it was found that the active sub- 
stance is adsorbed on the column at this pH. The 
column was eluted with 0.1 N hydrochloric acid 
and the acid eluate was concentrated on a steam 
bath. This solution was called Fraction D and is 
the final concentrate. 

To evaluate each fraction in terms of increased 
growth of Neurospora sitophila in Difco Bacto 
Pyridoxine Assay Medium, each fraction was tested 
by comparison with standard controls. To elim- 
inate the possibility that an insufficient quantity of 
the active substance was present in the final con- 
centrate, it was also evaluated at double concen- 
tration. Activity was measured according to the 
procedure previously discussed, and the results are 
presented in Table III. A schematic outline of the 
fractionation procedure is given in Fig. 1. 


Tasie IIIl.—Activiry or ALFALFA CONCENTRATES 
ON THE GROWTH OF Neurospora sitop 








Additions to Basal Medium, 
Equivalent to 0.8 Gm. Alfalfa 
None (pyridoxine free) 
None (containing pyridoxine) 
0.1 N HC! Extract 
Ethanol filtrate of the acid extract 
Fraction A 
Fraction B 
Fraction C 
Fraction D 
Fraction D (double concentration) 





® Each figure is average of six flasks. 


Least significant 
difference at 1% level is 2.4 mg. 


An aqueous solution of the concentrated material 
remained stable upon exposure to light seventy-two 
hours and exhibited some fluorescence when ex- 
posed to ultraviolet light. 


DISCUSSION 


A substance causing increased growth of Neuro- 
spora sitophila in Difco Bacto Pyridoxine Assay 
Medium has been concentrated from dehydrated 
alfalfa leaf meal. Various properties of the factor 
have been established during the concentration pro- 
cedure. 

It was shown experimentally that the growth 
factor(s) was extracted to a greater extent with 
0.1 N hydrochloric acid than with distilled water. 
Since the acid extract was concentrated by direct 
heating and this fraction exhibited growth stimula- 
tion, it was established that the factor is stable to 
heating in acidic solution. The ethanol filtrate also 
showed growth activity when heated in alkaline 
solution. Therefore the factor is stable to heating 
in alkaline solution. Since ethanol was evaporated 
from the ethanol filtrate by direct heating at ap- 
proximately neutral pH and this fraction proved to 
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Treatment 


Step VI 
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J 
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Residue 

( Disearded) 


Fig. 1. 


be active, it was established that the substance is 
heat stable in neutral solutions. 

The growth factor is not extracted from the 
aqueous phase at pH 4.5 in diethyl ether, chloro- 
form, carbon tetrachloride, and benzene, or at pH 
8.5 with diethyl ether. It is precipitated from the 
aqueous phase at pH 8.5 by acetone. It is ad- 
sorbed from solution at pH 9.0 by levitated alumina, 
and at pH 7.0 or 8.5 by fuller’s earth, from which it 
can be eluted with 0.1 N hydrochloric acid. It is 
not adsorbed from solution at pH 4.7 or 7.0 by levi- 
tated alumina, at pH 4.5 by fuller’s earth, and at pH 
6.0 by activated carbon. 

Growth inhibition rather than stimulation re- 
sulted when the basal medium was supplemented 
with either the diethyl ether (pH 4.5) extracted 
fraction from the ethanol filtrate, or the precipitate 
formed by the addition of acetone to the ethanol 
filtrate. This suggests the presence of an inhibitory 
factor for Neurospora sitophila. A growth depres- 
sion factor was reported in the literature for chicks 
fed dehydrated alfalfa at high levels in a poultry 
ration. Lepkovsky, ef al. (5), found that this 
factor could be removed from the dehydrated alfalfa 
by repeated water extraction which suggests that 
their inhibitory factor and the one described here 
may be the same. Evidently, a growth depression 
factor is either destroyed or separated from growth 
stimulatory factors at this point, because it was not 
encountered in further separations; or possibly the 
inhibitory factor is present in such inadequate quan- 
tities in the latter fractions that no effect is produced. 

The final concentrate prepared in the laboratory 


Aqueous Phase 


Aqueous Phase 


Extract (Discarded) 


Extraction with 
Benzene 


Extract (Discarded) 


Filtrate (Discarded) 


Eluate and HCl 
(Final Concentrate) 


(Fraction D) 


The scheme of fractionation. 


contained a growth promoting factor necessary for 
maximum growth of Neurospora sitophila. This 
substance is either lacking in the present commercial 
medium or present in inadequate amounts. Since 
fraction D caused an increase in growth of 50% 
above the control as compared to a considerably 
greater stimulatory effect afforded by the alfalfa 
hydrolysate, it is apparent that this latter increase 
in growth is due to at least one additional factor, 
indicating a separation had been made. Verification 
was accomplished by failure to increase growth 
further with Fraction D by increasing the concen- 
tration used for the biological test. 

The final concentrate represents less than 0.1% 
of the initial solids. Starting with 100 Gm. of 
alfalfa, the final concentrate weighed approximately 
100 mg. It can be stated that 99.9% of the inactive 
material had been effectively removed from the 
dehydrated alfalfa leaf meal. Supplementation 
of 100 Gm. of Difco Bacto Pyridoxine Assay Medium 
with 0.5 Gm. of concentrate will improve its use for 
the microbiological assay of pyridoxine in vitamin 
products containing phytological concentrates. 
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The Use of Active Iodine as a Water Disinfectant” 


By SHIH L. CHANG 


The chemistry of the formation of various species of titrable iodine in solutions of 


elemental iodine and iodide are described in a quantitative manner. 


The 


cysticidal efficiencies of various species of titrable iodine and the effect of tempera- 
ture on cysticidal efficiency of I, are described, and equations are given for computing 


the cysticidal residual I, with a given contact time, and vice versa, at 
tures, as well as that for computing the 


pera- 
sticidal residual iodine in I,.-I; systems. 


tem, 
The relative viricidal (against Coxsackie B2 virus) efficiencies of various species of 


titrable iodine and the 


and the employment of the equations used in computing the cy 
iodine for I, and I,-Ij combination, with or without modi 
of the data other than those on I, at 25°, values 


cause of the incom 


temperature on viricidal efficiency of I, are described, 


sticidal residual 
ification, are given. Be- 
obtained 


in various computations are presented with reservation but are considered as rela- 
tively safe for use in practice. The use of preparations of iodine for water disin- 
fection in practice is di L 


Fr THE AUTHENTIC information on disin- 

fection of water by active halogens (1-7), it is 
apparent that of the pathogens that may nor 
mally find their way into water and water supplies, 
the cysts of Endamoeba histolytica and the enteric 
viruses, except the adenovirus (7), ere more re- 
sistant to free chlorine and/or iodine than either 
the bacteria or cercariae of human schistosomes. 
Hence, in using active iodine as a water disin- 
fectant, a good margin of safety is provided for 
the destruction of the latter organisms if the 
application is based on its effectiveness on the 
amoebic cysts and one or more of the more re- 
sistant enteric viruses. 

In a quantitative sense, the destruction of 
microorganisms in water by active iodine is a 
subject of considerable complexity because of a 
number of reactions which elemental iodine may 
undergo in aqueous solutions to form various 
species of titrable iodine having varying germi- 
cidal efficiencies. In two previous communica- 
tions the writer and his associates have reported 
on the usefulness of elemental iodine as a water 
disinfectant (3) and its use for such purpose under 
field conditions (8). However, in times of emer- 
gency, the iodine tablets described (8) may not 
be available and any of the other preparations, 
such as tincture of iodine, Lugol's solution, and 
iodophors, may have to be used, or the water 
to be treated may have such a high alkalinity as 
to break the buffering capacity of the dihydro- 
gen pyrophosphate present in the iodine tablets, 
thus permitting hydrolysis of I,, or even further 
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changes of the hydrolysis product, hypoiodous 
acid. Hence, it is felt that fairly complete in- 
formation on the use of active iodine as a water 
disinfectant should be assembled so that it can 
be used more efficiently under more flexible con- 
ditions. 


CHEMISTRY OF AQUEOUS SOLUTIONS OF 
ELEMENTAL IODINE 


In various preparations of elemental iodine, io- 
dide is used to improve its stability and solubility, 
except iodophors, in which the diatomic iodine is 
stabilized and made more water-soluble by being 
bound to a nonionic detergent. When a preparation 
of elemental iodine (excluding iodophors) is dis- 
solved in water, the I, may remain in its elemental 
form, or it may undergo changes involving one or 
more reactions, depending on the initial concentra- 
tion of titrable iodine and added iodide, and the 
pH and temperature of the solution. The forma- 
tion of iodomines between ammonia or amino com- 
pounds and I,, fortunately, does not occur under the 
usual conditions in water disinfection and, therefore, 
can be omitted from the consideration. The re- 
actions that are of importance are as follows: 

Hydrolysis of I,—The equilibrium expression for 
this reaction is: 

a 
HOU MEO) x, ca. 


The value of the equilibrium constant, Xa, is given 
as 9 X 10- at 0° (9), and 3 X 10-* at 25° (10- 
12). Since the common I, preparations (iodine 
tablets and tincture of iodine) contain enough iodide 
to give an I,:1~ molar ratio of about 1:1, the per 
cent of titrable iodine existing as I, and that as HOI 
in aqueous solutions of elemental iodine containing 
0.5 to 50 p. p. m. of total titrable iodine and enough 
iodide to give an I,:I~ ratio of 1:1.2 have been 
computed for pH values from 5.0 to 8.0 and are 
presented graphically in Fig. 1. It should be noted 
that in the computation the formation of triiodide 
ion and the decomposition of HOI at pH 8.0 were 
ignored. 
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In Fig. 1 it is seen that in an aqueous solution of 
elemental iodine containing a total titrable iodine 
of 0.5 p. p. m. and over an enough iodide to give 
an I,:I- molar ratio of 1:1.2, an insignificant 
amount of I, is hydrolyzed until the pH rises to 6.0 
or above. At a total titrable iodine concentration 
of 5 p. p. m. or greater, an insignificant amount of I, 
is hydrolyzed until the pH rises to 7.0 or above. 
Hence, for practical purposes, it may be stated that 
at pH 6.0 or below and total titrable iodine of 0.5 
p. p. m. and above, or at pH 7.0 or below and total 
titrable iodine of 5 p. p. m. and above, all of the 
titrable iodine exists as I,. At pH 7.0 and titrable 
iodine concentrations below 5.0 p. p. m., the amount 
of I, hydrolyzed ranged from about 50% at 0.5 
p. p. m. to 10% at 5.0 p. p. m. At pH 8.0 the 
amount of I, hydrolyzed by computation ranges 
from 90% at 0.5 p. p. m. to about 20% at 20-30 
p. p. m.; but the slow decomposition of HOI to 
form iodate upsets the computation to a greater or 
lesser degree, depending on the buffering system 
existing and the time of standing. 

Dissociation of HOI—At high pH values, 9.0 
and over, the HOI formed from hydrolysis of I, 
undergoes dissociation. The equilibrium expression 
for this reaction is: 


(HB *} [O17] 
“faor) ~~ ** 


The value of Kg is given as 4.5 XK 10~-™ at 25° (1). 
From this value, it is estimated that insignificant 
amounts of HOI are dissociated until the pH value 
is raised to over 10.0. Since the HOI decomposes 
rapidly at pH values of 9.0 and over, it becomes 
apparent that the existence of OI~ ion in significant 


(Eq. 2) 
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amounts is of such short duration that it has very 
little, if any, practical importance. 

Decomposition of HOL—At pH values over 8.0, 
the HOI formed from hydrolysis of I, is unstable and 
decomposes to form iodate and iodide. The re- 
action or reactions may be briefly expressed as 
follows: 
3HOI + 2(0H~) = HIO; + 2H,O + 21~- (Eq. 3) 
According to the data of Wyss and Strandskov (12), 
the decomposition rate in a solution containing 
30 p. p. m. or less titrable iodine is slow at pH 8.0 
maintained by a borate or carbonate buffer, whereas 
in the presence of a phosphate buffer, */, of the HOI 
is gone in forty minutes. At pH 9.0 the rate of de- 
composition is so fast that in ten minutes about 
*/,, 4/4, and °/, of the HOI go into formation of io- 
date in borate, carbonate, and phosphate buffer, 
respectively. This rapid decomposition of HOI at 
high pH values makes it extremely difficult, if not 
impossible, to compute the amounts of Ol~ ion 
formed in solutions of titrable iodine in which sig- 
nificant amounts of HOI are dissociated. 

Formation of I; Ion.—In the presence of added 
iodide in an aqueous solution, the I, goes into for- 
mation of tri-iodide ion or periodide. The forma- 
tion of higher periodide (I;, I>, etc.) has been re- 
ported, but does not occur in dilute solutions used 
in water disinfection work. The equilibrium ex- 
pression for the formation of tri-iodide ion is as fol- 
lows: 


(Is) (17) pe 
(3) 


The value of Kj is given as 1.4 X 10~* at 25° and 
0.7 X 10-* at 0° (13). Since the K; and tempera- 
ture have a semilog relationship, the values of Ki 
at other temperatures can be extrapolated from a 
curve prepared by plotting these 2 values of Kj 
against the reciprocal of their respective absolute 
temperatures on a semilog graph paper. For in- 
stance, the values of Kj at 6° and 35° have been 
found by this method to be 0.82 K 10~* and 1.85 < 
10~*, respectively (14). 
Equation 4 can also be written as: 


= M:) 17) 
K; 


K; (Eq. 4) 


fs] 


(Eq. 5) 


From Equation 5 it is seen that the amount of tri- 
iodide formed in acidic aqueous solutions of ele- 
mental iodine with added iodide increases with the 
increase in the concentration of iodide and total 
titrable iodine. For convenience of evaluating 
cysticidal and viricidal efficiencies of solutions con- 
taining both I, and I; in the parts that follow, the 
percentages of these two species of titrable iodine in 
solutions having varying amounts of elemental io- 
dine and iodide at I,:1~ molar ratios ranging from 
1:1.2 to 1:9.6 have been computed and are presented 
in Fig. 2. 

Since, as stated before, the common preparations 
of elemental iodine, such as the iodine tablets and 
tinctures of iodine, contain I, and iodide at a molar 
ratio close to 1:1, it may be stated for practical 
purposes that in water disinfection by iodine, all of 
the titrable iodine exists as I, when its initial con- 
centration is 20 p. p. m. or less and the pH is kept 
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of titrable iodine as I, and I; in acidic solutions at 
25° and having varying I,:1~ molar ratios. 


under 7.0. As the initial concentration of titrable 
iodine increases, the amount of I; ion formed is 
correspondingly increased; but even at a concentra- 
tion of 500 p. p. m. of titrable iodine, only about 50% 
of it goes into the formation of I; ion. 


CYSTICIDAL EFFICIENCIES OF VARIOUS 
SPECIES OF TITRABLE IODINE 


Elemental Iodine.—At a given temperature and a 
given concentration oi E. histolytica cysts, the mini- 
mum cysticidal residual I, is a function of contact 
time. The quantitative relationship between the 
cysticidal residual I, and contact time can be ex- 
pressed by the following equation: 


Ct=k (Eq. 6) 


where C is the residual titrable iodine as I, in p. p. m.; 
t is the contact time in minutes; 2 is the cysticidal 
residual I, concentration coefficient; and & is a 
constant, the value of which is dependent on the 
temperature and the initial cyst concentration. 

The cysticidal efficiency of I, also increases with 
the rise in temperature. The quantitative relation- 
ship between k and temperature is expressed by the 


equation: 
ke\ 10/(T2 — Td 
Qro = (2) 
1 


where Qj is the temperature coefficient for a 10° 
change within the range where the temperature it- 
self exerts no detrimental effect on cysts, and &; and 
ky are constants for temperatures 7, and 7», re- 
spectively. 

With an initial concentration of 30-60 cysts per 
mil. of test fluid, which represents on the average a 
contaminated water containing 0.05-0.1 per cent 
fecal matter and therefore provides a wide margin 


(Eq. 7) 
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of safety in disinfection work, the relationship be- 
tween cysticidal I, concentrations and contact times 
has been determined at several temperatures 
(3, 15, 16). The results observed in these studies 
are summarized in Fig. 3. From this figure, the 
cysticidal residual I, required for a fixed contact 
time, or vice versa at any of the presented tempera- 
tures can be easily extrapolated. From the slope 
of, and th» spaces separating these four curves, the 
values for n, k, and Qj have been computed. The 
value of m was found to be 1.4 and that of Qj, 1.6. 
The values of k at temperatures ranging from 3 to 
44° are presented in Fig. 4. With these two figures 
and the values of » and Qj, the cysticidal residual 
I, for a fixed contact time, and vice versa, at any 
temperature besides those shown in Fig. 3 can be 
conveniently computed. 
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Fig. 3.—Relationship between cysticidal residual 

titrable iodine as I, and contact time at 3°, 10°, 

23°, and 35° (at pH below 6.5 and I-ion concen- 

tration under 20 p. p. m.), »=slope-1.4. 
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Fig. 4.—Relationship between k and temperature 
in destruction of amoebic cysts by elemental iodine 
(Ig). 


Hypoiodous Acid.—-The cysticidal efficiency of 
hypoiodous acid (HOI) has been very incompletely 
ascertained, mainly because of the difficulty en- 
countered in its decomposition at pH values where 
significant amounts of 1, would be hydrolyzed. 
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When the cysticidal efficiency of triiodide was de- 
termined (14), an experiment was carried out at 
pH 8.0 (with a borate buffer) with solutions of ele- 
mental iodine and iodide at an I,:I~ molar ratio of 
1:1.2. To minimize the interference caused by 
decomposition of HOI, a contact time of five min- 
utes was used in the determination. The results ob- 
tained in duplicate tests made at 6 and 25° are 
shown in Table 1. 
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Pp. p. m., and since aqueous preparations of ele- 
menta: iodine and iodide, such as Lugol’s solution, 
may have an I,:1~ molar ratio as high as 1:3, it is 
of some importance to know the relative cysticidal 
efficiency of I; ion to that of I. In a previous re- 
port (14) it was shown that the cysticidal efficiency 
of I; ion is about '/,, '/s, and '/; that of I, at 6°, 
25°, and 35° respectively. For determining the 
cysticidal residual iodine in solutions containing 


Tasie I.—CysticipaL Erricrency or SOLUTIONS OF ELEMENTAL IODINE AND loprpe at PH 8.0 








Contact 
Temp., Time, in 
be i inutes 
6 5 
25 5 


The meager amount of information given in 
Table I does not lend itself to the formulation of a 
general equation, utilizing the hydrolysis constant 
of I, pH, and I~ ion concentration to express the 
relative cysticidal efficiency of HOI to that of I,. 
Nevertheless, it is possible to compute empirically 
the relative cysticidal efficiencies of these 2 species of 
titrable iodine. This is done by dividing the differ- 
ence in p. p. m. between the residual iodine as I, 
alone required to do the same killing and the com- 
puted titrable iodine as I, in the cysticidal residual 
at pH 8.0 by the computed p. p. m. of titrable iodine 
as HOI in the same cysticidal residual. The 
figure thus obtained is the cysticidal equivalent in 
p. p. m. of titrable iodine as HOI to 1 p. p. m. of 
titrable iodine asI,. The reciprocal of this cysticidal 
equivalent of HOI to I, is therefore the relative cysti- 
cidal efficiency of HOI to that of I,. The results ob- 
tained in these computations are shown in Table II. 
In Table II it is seen that the relative cysticidal 
efficiency of HOI is '/; of that of I, at 6°, and is '/, 
at 25°. It is of interest that these values are a 
little higher than those obtained by Wyss and 
Strandskov (12) for bacterial spores. 

From the relative cysticidal efficiency of these 2 
species of titrable iodine, it is estimated that at 
25° and levels of residual iodine below 5.0 p. p. m. the 
cysticidal titrable iodine at pH 8.0 without decom- 
position of HOI is about 30% greater than that at 
pH 7.0 or below, and at levels of residual iodine of 
and above 5.0 p. p. m. the cysticidal titrable iodine 
at pH 8.0 is about 20% greater than that at pH 7.0 
or below. 

Triiodide Ion.—Since the amount of I ion formed 
in solutions of elemental iodine and iodide at I,:I~ 
molar ratio of about 1:1 becomes more and more 
significant as the total titrable iodine rises over 20 


Maximum Noncysticidal 
Residual Iedine, p. p. m 
Test 2 


Minimum Cysticidal 
Residual Iodine, p. p. m. 
Test 1 Test 2 


Probable Cysti- 
cidal Residual 
Iodine, p. p. m. 


13.7 14.5 13.1 
6.9 7.2 6.6 





titrable iodine both as I, and I; ion, the following 
equation was employed: 


-] 
— ki 

{1} 

1+B8B k 


| 
R=A (Eq. 8) 


which was used in an earlier study for determining 
the relative cysticidal efficiency of OCI~ ion to that 
of HOCI (2). R represents the total cysticidal 
residual iodine in p. p. m.; A is the p. p. m. of 
residual iodine as I, alone required to do the same 
killing; B is the ratio of the cysticidal efficiency of 
I; ion to that of I,; Xj is the equilibrium constant 
of the formation of Ij ion; and I~ is the molar con- 
centration of added iodide. With this equation, 
the values of B at a wide range of temperature have 
been calculated and are presented in Table III. 


Tas.e III.—Vatves or B at TEMPERATURES FROM 
0 To 48° 





0.077 
0.083 
0.088 
0.094 
0.099 
0.105 
0.110 
0.116 
0.121 


15 
18 
21 
24 





«At temperatures over 48°, the cysticidal efficiency of 
heat itself is so high that it rapidly kills the cysts. 


Tasie I].—Cysticipat Erricrency or HOI Revative to Tuat or I, 








Cysticidal 
Iodine Resid- 
ual, p. p. m. 

at pH 8.0 Is 

13.1 10.5 
6.6 3.9 


Computed Titrable 
Iodine gr Pp. m. at 
pH 8.0 as 
HOI 
2.6 
2. 


pase we oy Cysticidal 

Cysticidal Residual 

Residual as Is Equivalent in 

Alone, p. p. m. p. p. m. for HOT: Is 
11.3 3.3:1 

7 5.2 2.1:1 


Cysticidal 
Efficiency of 
HOI Relative 
to That of Is 
0.3 
0.5 
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With the values of B provided, the cysticidal re- 
sidual iodine at any temperature between 0 and 48° 
in a given time with a preparation of elemental io- 
dine having a known I,:1~ molar ratio can be con- 
veniently computed with Eq. 8. 

Iodate Ion.—It has been well known that iodate is 
nonbactericidal. In a limited number of experi- 
ments, it was found that a solution of KIO, capable 
of liberating 10,000 p.p.m. of titrable iodine in the 
presence of an acid and iodide exhibited no cysticidal 
effect at 25° and pH 7.0 even after four hours of 
contact (author’s unpublished data). 

Iodophors.—lodophors is a name applied to those 
titrable iodide compounds that are prepared by 
dissolving I, in nonionic detergents. An acid, 
usually phosphoric, is added to the preparation to 
increase its stability and improves its germicidal 
efficiency. The elemental iodine is supposedly 
loosely bound to the detergent, thus becoming more 
soluble in water and less volatile, corrosive, and toxic. 
Very little information is available on the relative 
germicidal efficiency of these compounds to that of 
I,. From the extremely limited amount of data ob- 
tained with a preparation containing I, in poly- 
ethylene oxide and urea (17), it appears tat the 
cysticidal efficiency of this compound is comparable 
to that of solutions of elemental iodine in which a 
greater portion of the I, is converted into I. 


VIRICIDAL EFFICIENCIES OF VARIOUS 
SPECIES OF TITRABLE IODINE! 


In a very recent study (18) of the viricidal effi- 
ciencies of compounds containing chlormelamine 
and chlormelamine-iodide combination, it was found 
that of the viruses in the enteric group, the Cox- 
sackie virus (both types A and B) is definitely more 
resistant to these compounds than either the polio 
virus or Echo virus. Hence, in another study of the 
viricidal efficiencies of various species of titrable 
iodine, the Coxsackie virus (type B1) was employed. 
As in the preceding study (18), the production and 
the determination of survival of the virus were made 
in monkey kidney tissue cultures, and the concen- 
tration of virus was estimated by the most probable 
number method (19). While the current study is still 
underway, the data gathered thus far have been 
analyzed, and the results obtained are summarized 
here. 

Elemental Iodine.—From the destruction-rate 
curves constructed for various concentrations of 
residual iodine—computed to contain 90-97% 
I, and 3-10% I; at equilibrium—the contact 
times required for a 99.999% destruction of the 
virus at 25° were extrapolated and plotted against 
their respective I, residuals on a log-log scale, Fig. 5. 
Since there was a linear relationship between these 2 
variables, Equation 6 was applied for computing the 
values of n and k, which came out as 0.96 and 58.5, 
respectively. The fact that the value of » is almost 
1.0 mdicates that the viricidal residual I, and con- 
tact time are inversely proportional to each other. 


' The viricidal data presented in this paper were obtained 
in a current study carried out by Dr. Gerry Berg, virologist, 
at the Center. 
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When these data are compared to those obtained 
for solutions of the iodine tablets used on the Lan- 
sing strain of polio virus in a previous study (3), it is 
noticed that the earlier data were more irregular and 
that there is some discrepancy in the respective 
viricidal efficiency findings. This, however, could be 
readily explained by the fact that the earlier data 
were obtained with crude mouse brain suspensions 
used in relatively large amounts in the test water. 

The data on the effect of temperature on destruc- 
tion of the virus by I, are incomplete but indicate 
that the value of Qj. may very well be greater than 
2.0, whick appears to be true also in destruction of 
the Coxsackie A2 virus by free chlorine (6). 

Hypoiodous Acid.—Results on the viricidal effi- 
ciency of HOI were irregular in early experiments. 
As more and more data are being compiled, it ap- 
pears that HOI is more viricidal than I,, based on 
the fact that the contact times required for a com- 
parable rate of destruction were shorter with solu- 
tions of elemental iodine and iodide at an I,:I~ 
molar ratio of 1:2 at pH 8.5 (maintained with a bor- 
ate buffer) than at pH 6.0. 

Triiodide Ion.—Repeated experiments made at 
25° with solutions of elemental iodine and iodide 
at very high molar ratios of iodide to I, showed 
that the I; ion is nonviricidal at concentrations as 
high as 25 p. p. m. of titrable iodine. 

Iodate Ion.—In tests made at 25° and pH 7.0 
with solutions of KIO, containing as much iodate as 
being capable of liberating 14,500 p. p. m. of titrable 
iodine in the presence of an acid and iodide, no dem- 
onstrable viricidal effect was observed. 
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Fig. 5.—Residual I, concentration-time relation- 
ship in destruction of Coxsackie B1 virus in water at 
25° by elemental iodine. 











COMPARISON OF THE VIRICIDAL AND 
CYSTICIDAL EFFICIENCIES OF VARIOUS 
SPECIES OF TITRABLE IODINE 


Elemental Iodine.—It is of importance that while 
the value of & for the virus destruction by I, at 25° 
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is very close to that for the cyst destruction (58.5 
vs. 60.0), the value of » for the former is about */,; of 
that for the latter (0.96 vs. 1.4). Since the negative 
cultures in cyst survival determinations have been 
computed to indicate a 99.998% destruction of 
cysts, the cysticidal and viricidal results are com- 
parable. These values of nm and k, therefore, indi- 
cate that the increase in residual I, facilitates a 
greater cut in cysticidal than in viricidal contact 
time. For a given residual I, the viricidal contact 
time in the range not over forty minutes is longer 
than the cysticidal contact time, and also for a given 
contact time the viricidal residual I, is greater than 
the cysticidal residual. On the other hand, the 
increase in viricidal residual I, becomes more 
and more marked over the increase in cysticidal 
residual as the contact time is reduced toward the 
one-minute period. For instance, when Fig. 5 
is compared with the 25° curve in Fig. 3, it is 
noticed that the corresponding viricidal and cysti- 
cidal I, residuals are 6.3 and 3.7, 13.6, and 6.0, and 
34.0 and 12.5 p. p. m. for the contact times of ten, 
five, and two minutes, respectively. 

Since the value of Qj for cyst destruction by I, 
is 1.6 and that for the virus destruction, greater than 
2.0, it becomes apparent that as the temperature is 
increased above 25°, the viricidal efficiency of Il, 
increases more and more markedly than the cysti- 
cidal efficiency. Assuming that the Qj» value for the 
virus destruction is 2.5, then the viricidal residual I, 
for a ten minute contact at 35° would be 2.5 p. p. m 
and that for cyst destruction, 2.2 p. p.m. The con- 
tact time for the virus destruction by 5.0 p. p. m. 
residual I, at 35° would be five minutes as against 
four minutes for the cyst destruction. 

Hypoiodous Acid.—The higher viricidal but lower 
cysticidal efficiency of HOI than I, indicates that 
the rise in pH of the iodine-treated water over 
the 6.0-7.0 range widens the margin of safety in 
virus destruction but narrows it in cyst destruction. 
Hence, to provide an adequate treatment of the 
water, the dosage of iodine should be geared at the 
cyst destruction and include the amount to com- 
pensate for the loss of I, to the formation of HOI. 
Furthermore, being so unstable the HOI cannot be 
relied on for germicidal activity in long contact times. 

Triiodide Ion.—The fact that the I; ion at 25° 
is about '/s as cysticidal as I, but has no apparent 
viricidal activity creates some problem in computing 
an adequate residual iodine to be maintained in a 
I,-I1, system. Since the virus is the more resistant of 
the two organisms, at least at normal and low tem- 
peratures of natural waters, the viricidal data should 
be used as the basis for computation to give a wider 
margin of safety in the disinfection process. The 
zero value of B in Equation 8, therefore, reduces 


this equation to 
ul ‘| 
Ajl 
[) + or 


when it is employed for computing the viricidal 
residual iodine in I,-1~ systems. 

Iodate Ion.—-The lack of demonstrable viricidal 
and cysticidal effects of iodate ion at high concen- 
trations suffices to consider it nongermicidal and 
indicates a lack of germicidal activity of decomposi- 
tion products of HOI at high pH values. 


(Eq. 9) 
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DISCUSSION 


An efficient use of halogens and active halogen 
compounds as water disinfectants demands a clear 
understanding of their chemical reactions in weak 
water solutions and the relative germicidal efficiency 
of each species of active members that may be 
formed in the solution. In the preceding parts the 
chemistry of the formation of various species of 
titrable iodine in water and the cysticidal and viri- 
cidal efficiencies of each species formed have been 
described. 

Since natural fresh waters rarely contain iodide, 
it is felt that given the pH, temperature, and titrable 
iodine demand of the water, and the iodide content 
in the preparation of elemental iodine, it should be 
relatively simple with the information previously 
presented to compute the dosage of the iodine prepa- 
ration needed to treat the water adequately for 
drinking purposes 


If, as appears essential, the pH of the treated 
water is maintained at levels not over 8.0, only the 
I,, HOI, and I; ion need to be considered in the 
computation. Since computation involving all of 
these three species of titrable iodine is too compli- 
cated for practical use, and since the amount of 
HOI formed is relatively insignificant under con- 
ditions where a significant amount of I; ion is 
formed, and vice versa, it is calculated that an ad- 
ditional 10-15% allowance in titrable iodine in 
computing the adequate residual iodine in I,-HOI 
or I,-I; systems should take care of practically all 
of the more complex conditions. 


Since infectious hepatitis has become recently 
more and more significant as a water-borne disease, 
it appears that basing the computation of the ade- 
quate dosage of iodine preparations on the virus 
destruction not only provides a wider margin of 
safety for waters of normal temperatures but also is a 
necessity in areas where this disease occurs in 


significant numbers. However, when the water 
temperature is unusually high, say approaching 
40°, as may be encountered in the tropics, a slightly 
wider margin of safety is provided when the com- 
putation is based on cyst destruction for iodine 
preparations containing low (not over 1:2) I,:I- 
molar ratios. When iodine preparations containing 
high iodide contents are used for water disinfection, 
the computation should be based on virus destruc- 
tion at all temperatures. However, it should be 
noted that the palatability of the treated water must 
be taken into consideration in the computation. 
In treated waters containing more than 10 p. p. m. 
of residual titrable iodine, odor and taste become 
more of a problem. Advantage should be taken 
of the contact time to keep the residual titrable 
iodine under 10 p. p.m. At pH above the 6.0-7.0 
range, the better viricidal efficiency of HOI than I, 
should be ignored. 


The recommended dosage (3) of 1 iodine tablet 
(containing 8.5 mg. of titrable iodine) per qt. for 
ten minutes at water temperatures prevailing in 
the warm months in the temperate zone and with 
iodine demand not over 4.0 p. p. m., or two tablets 
per qt. for ten minutes at temperatures near 0-5° 
or at former temperatures but with iodine demand 
over 4.0 p. p. m., appears to be insufficient for 
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adequate virus destruction. On the basis of the 
present information on destruction of the Cox- 
sackie virus, it seems that with either of these appli- 
cations the contact time should be increased to 
fifteen minutes for the higher, and twenty minutes 
for the lower temperatures. 
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Sensitivity to Vaginal Jellies” 


Correlation Between Clinical Tests and Animal Tests 


By JOHN H. HOLZAEPFEL, JOHN S. WARNER, JAY A. BUXTON, and 
JULIET A. HOWARD 


A rabbit vaginal-irritation test described in this article is recommended as a re- 


liable proc 


ure for the evaluation of vaginal jellies and creams. 


The im 


portance 
in a drug evaluation test of procedure, type of tissue involved, and method of inter- 
preting the results are discussed. 


Is THE DEVELOPMENT of improved contracep- 
tive vaginal jellies, reliable tests for the irri- 

tative properties of experimental formulations 
are required. During the course of our develop- 
ment program, clearance from irritative effects 
was obtained for an experimental jelly (referred 
to here as Jelly III) by a Draize (1) rabbit-eye 
test and a rabbit vagina test involving gross ex- 
amination of the genitalia and microscopic exam- 
ination of cross-sections of the vagina. Subse- 
quent clinical field trials revealed that the jelly 
produced a pronounced irritation which pre- 
cluded its marketability. Since the previously 
applied laboratory animal tests were apparently 
inadequate, a program was initiated to develop a 
dependable animal mucosal-irritation test which 
could serve as a preliminary screening method to 
help avoid the clinical testing of any irritating 
vaginal preparations. 
” * Received Se tember 23, 1967, from the 
Obstetrics and . Ohio State Universit 
of Medicine, oad ‘Battelle Memorial Institute, 

This study was sponsored by the Research 7 
Holland-Rantos Company, Inc., New Vork 13, N. 

The microscopic examinations involved in the tissue cross- 


section study and in the vaginal smear tests were made by 
M. A. Davis, Davidson Laboratories, Columbus, Ohio. 


ment of 
College 
olumbus. 


The approach to the problem involved the 
design of an animal test which would simulate as 
closely as possible the experimental procedure 
and conditions of the clinical vaginal-irritation 
test. The cytological method which we used in 
connection with the clinical procedure could also 
be included in the animal test. 


EXPERIMENTAL DESIGN 


Rabbits were used as the test animals because 
they are easy to handle and because their epithelial 
tissues, in general, are particularly sensitive to 
irritants. In order to have a fundamental knowl- 
edge of the rabbit vaginal tract, anatomic and micro- 
scopic studies were carried out. It was noted that 
the urinary bladder empties into the vagina via the 
urethral opening 2 to 3 cm. inside the introitus. 
The lower vagina, below the urethral opening, is 
somewhat wider and contains many more folds than 
tha upper vagina. 

Histological studies made on tissue cross-sections 
showed that the lining of the lower vagina consists 
of low cuboidal basal cells and irregular squamous- 
type surface cells common to the urinary system. 
The lining of the upper vagina consists of low 
cuboidal basal cells and columnar surface cells com- 
mon to the uterus. It was noted that the epithelial 
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lining is only 3 to 6 cells deep throughout the entire 
vaginal tract. This tissue should, therefore, be 
particularly sensitive; any irritant should cause an 
immediate reaction because of the close proximity 
of the irritant to the underlying capillaries, the 
source of inflammatory exudate. 

The rabbit test was first carried out in accordance 
with the clinical schedule, and a special effort was 
made to instill the jelly high in the upper vagina 
above the urethral opening to prevent it from 
being flushed out during urination. The results of 
these first tests were very inconsistent and unreli- 
able. It was found that probing the upper vagina of 
the rabbit triggered urination in many cases. There 
appeared to be enough back pressure during urina- 
tion to flush out the entire upper vagina as well as 
the lower vagina. 

Subsequent rabbit tests were carried out by apply- 
ing the jelly to the lower vagina. It was found 
that this treatment did not trigger urination. The 
applications of douche and jelly, the gross observa- 
tions, and the vaginal smears could be made much 
more easily and with less mechanical irritation. 
An additional advantage is the fact that the sur- 
face cells of the lower portion of the rabbit vagina 
are of the same type as those of the human vagina. 
The objections stated by Carleton and Florey (2) 
to the use of rabbits in a vaginal-irritation test are all 
avoided by treating only the lower vagina. This 
modified procedure gave much more reliable results. 
Reaction to irritating jellies often appeared within 
twenty-four hours. Three daily applications, with 
the final observations being made on the fourth 
day, were found to constitute a very acceptable 
schedule. 

Vaginal smears, made before the first application 
and one day following the last application, were 
compared microscopically to determine the degree 
of irritation indicated by the increase in cellular ma- 
terial. The results were inconsistent and did not 
correlate well with the results from the gross ob- 
servations. These shortcomings in the cytological 
technique can be attributed to both the difficulty 
in obtaining a valid quantitative smear and the in- 
herently poor quantitative correlation between high 
levels or irritation and available cellular material. 
The vaginal smear was, therefore, eliminated as a 
part of the rabbit vaginal-irritation test. 


METHODS 


Clinical Test.—Four patients were used for each 
jelly tested. The patients were instructed to take a 
vinegar douche ('/, cup of white vinegar in 2 quarts 
of water) followed by the application of the jelly 
with a vaginal applicator, nightly for six nights. 
Pelvic examinations to determine gross irritation 
and vaginal smears to determine cytological re- 
sponse were made before the first application and 
one or two days following the last application. 

Rabbit Test.—Six rabbits, weighing 4 to 6 pounds 
each, were used for each jelly tested. During the 
few minutes required for observation and treatment, 
the animals were strapped to a board with their 
hind legs spread apart and then turned over on their 
backs. Gross observations were made by direct 
visual examination of the external genitalia and by 
intravaginal examination aided by an otoscope and 
speculum. Only rabbits that were completely free 
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of all symptoms of vaginal irritation and sickness 
were used for the test. A vinegar douche (5 to 
10 ec.) and then the jelly (1.0 cc.) were applied 1 to 
2 cm. inside the lower vagina daily for three days. 
The applications were made with 3-cm. blunt- 
tipped soft rubber catheters which were attached 
to a rubber bulb for the douche and to a 10-cc. 
syringe for the jelly application. An effort was 
made to fill all of the many folds with jelly as gently 
as possible. 

Gross examinations were made one day follow- 
ing each application. Irritation was classified as 
erythema, exudate, or edema. Each of these types 
of irritation was graded as a 1, 2, or 3 degree level, 
depending upon its severity. Erythema was 
considered the mildest type of irritation. Each de- 
gree of erythema (designated as E) was given an 
irritation count of 1; ie, 2, = 1, EA, = 2, E, = 3. 
E, was characterized by a slight redness of the mu- 
cosa; E, was characterized by redness accompanied 
by occassional distinct blood vessels; and 2; was 
characterized by a deep redness accompanied by 
numerous engorged blood vessels. The presence of 
an exudate, composed of pus and/or sloughed tissue, 
was considered more severe than erythema but less 
severe than edema. Each degree of exudate (desig- 
nated as X) was given an irritation count of 2; 
i.e, X, = 2, X, = 4, X; = 6. X, was character- 
ized by a few small globules of pus; X, was charac- 
terized by large globules of pus; and X; was char- 
acterized by large amounts of pus and/or sloughed 
tissue exuding from the vulva. Edema was con- 
sidered the most severe type of irritation. Each 
degree of edema (designated as ED) was given an 
irritation count of 3; i. e, ED; = 3, ED, = 6, 
ED, = 9. ED, was characterized by a slight swell- 
ing of the vulva; ED, was characterized by a swell- 
ing of the vulva to nearly twice its normal size; 
and ED, was characterized by a swelling of the vulva 
to several times its normal size. The various irrita- 
tion counts for the three days were totaled for each 
rabbit. (For example, a rabbit showing EZ, on the 
first day, Z,, X2, and ED, on the second day, and 
Ey, X; and ED, on the third day would be given irri- 
tation counts of 1, 9, and 15 for each of the three 
days, respectively, making a total of 25. 

The rabbits were allowed to recuperate for at 
least 10 days before being used for the test again. 

Three experimental vaginal jellies were tested 
clinically and by the rabbit test. Jelly I was pre- 
pared as a blank; Jelly II contained 0.10% of an 
ingredient of unknown irritancy; and Jelly III 
contained 0.25% of that ingredient. 

In the clinical test, Jelly I caused no detectable 
irritation, the patients reported no undue effects, 
pelvic examinations revealed no alteration in the 
vaginal mucous membrane, and the vaginal smears 
revealed no change in the cytological picture. 
Jelly I caused moderate irritation, the patients com- 
plained of some soreness of the labia, pelvic examina- 
tions revealed erythema of the vaginal mucosa, and 
the vaginal smears revealed an increase in purulent 
exudate and basal cells. Jelly III caused severe 
irritation, the patients complained of considerable 
pain after only a few applications, pelvic examina- 
tions revealed erythema, excessive vaginal dis- 
charge, and swelling of the labia, and the vaginal 
smears revealed an increase in purulent exudate and 
basal cells. 
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The experimental jellies were tested twice by the 
rabbit test. The order of irritation, as determined 
by gross observations (see Table I), was the same as 
that found by the clinical tests; i. e., I was less 
irritating than II, and II was less irritating than III. 
Also, the results from the two series of rabbit tests 
were found to agree with each other very satisfac- 
torily. Five proprietary vaginal jellies and two 
proprietary vaginal creams were also tested by the 
rabbit test to determine what average irritation 
count would permit a product to be considered ac- 
ceptable. The results (see Table I) indicate that 5 
should be considered a maximum permissible aver- 
age irritation count. This agrees with the results 
from the clinical testing of the experimental jellies 
in which I, having average irritation counts of 1 and 
3 in the rabbit test was acceptable and II, having 
average irritation counts of 8 in the rabbit test, was 
not acceptable. It should be kept in mind, of course, 
that the rabbit vaginal-irritation test is intended as a 
preliminary screening method and not as a substitute 
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incomplete understanding of the essentials of the 
test. 

The selection of an appropriate test procedure 
depends on the use proposed for the drug being 
evaluated. The most significant results can be ex- 
pected by the selection of a test that involves the 
same type of tissue as that to which the drug is to be 
applied in humans. Occasionally, because of con- 
venience or because of the familiarity with certain 
testing facilities, a drug is evaluated by a test in- 
volving some other type of tissue. In these in- 
stances, the method of interpreting the results is 
particularly important. A striking example is af- 
forded by the clearance that was obtained for the 
experimental Jelly Lil by the rabbit-eye test (this 
test has not been specifically recommended by Draize 
for evaluating vaginal preparations but has been 
adopted for this purpose by several testing labora- 
tories). Although Jelly III caused moderate ery- 
thema which persisted for two days, the degree of 
irritation was considered insignificant because the 











for clinical testing. eye returned to normal in three or four days. Subse- 
Tasie I.—Data FROM RABBIT VAGINAL-IRRITATION TEST 
a ¥ ae Total Irritation Counts per Rabbit* 
Vaginal Test — — -Rabbit Number —— 
Preparation Series 1 2 3 4 5 6 Average 
Experimental Jelly I 1 0 0 0 6 0 0 1 
2 8 0 4 2 0 3 3 
Experimental Jelly LI 1 14 5 9 4 2 12 8 
2 3 17 3 11 9 2 8 
Experimental Jelly III 1 29 20 19 il 16 12 18 
2 16 25 19 7 12 17 16 
Proprietary Jelly A 1 0 0 1 0 0 0 0 
2 0 3 0 2 0 0 1 
Proprietary Jelly B 1 1 2 0 0 0 0 1 
2 0 4 0 0 1 2 1 
Proprietary Jelly C 1 2 1 3 3 1 0 2 
2 1 0 0 3 0 0 1 
Proprietary Jelly D 1 0 9 0 0 0 5 2 
Proprietary Jelly E 1 2 2 0 2 1 2 2 
Proprietary Cream A 1 1 0 0 0 1 4 1 
2 0 2 2 2 0 0 1 
Proprietary Cream B 1 3 5 3 0 5 13 5 
2 4 3 5 1 8 8 5 
3 13 7 4 5 0 0 5 





* The irritation count is a measure of the various degrees of avons. exudate, and edema observed on the days —. 


ing each of the three daily applications of jelly. The counts 
each rabbit. The highest total irritation count possible is 54 


DISCUSSION 


Animal irritation tests involving the skin, eye, 
penis, or vagina have been used for drug evaluation 
studies for many years. The rabbit is commonly 
used as the test animal because it is easy to handle 
and because its epithelia and mucosa «re partic- 
ularly thin and susceptible to irritants. 

The details of procedure in the rabbit vaginal- 
irritation test described above were found by trial 
and error to be particularly important. The appli- 
cation of the jelly to the upper vagina instead of to 
the folds of the lower vagina made the difference be- 
tween an unreliable test and a reliable test. The 
misleading information initially obtained from a 
rabbit vagina test involving gross examination and 
tissue cross-sectioning probably resulted from an 


uring the three daily observations were totaled 


quent clinical trials showed that such an interpreta- 
tion was not justified for a vaginal jelly. The use- 
fulness or reliability of the Draize eye test is not 
disputed in the least. The experience described 
above emphasizes the importance of establishing a 
valid basis for interpreting test results. Such a 
basis in our rabbit vaginal-irritation test was estab- 
lished by correlating animal test results with clinical 
test results. 

Additional tests are in progress to study the effects 
of composition on the irritancy of vaginal prepara- 
tions. 
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A Kinetic Study of Acid-Catalyzed Racemization 
of Epinephrine’ 
By LOUIS C. SCHROETER and TAKERU HIGUCHI 


Racemization of epinephrine follows the first order law with respect to the substrate 
yzed by eee on the rate increasing very nearly directly 


and appears to be 
with = free ion concentration. 


cific rates at several temperatures have been determined. The results vj. 
the racemization reaction may prove to be an important route for loss of biological 
activity of epinephrine solutions at pH values much below pH of 4. 


OSS OF BIOLOGICAL ACTIVITY of aqueous solu- 
tions of Lepinephrine may occur by either 
oxidative degradation or through changes in the 
steric relationship of the asymmetric carbon atom, 
i. €., racemization. The reactions are essentially 
independent of one another but occur to varying 
degrees depending on the solution. The purpose 
of this work is to present the results from the 
investigation of the racemization reaction from 
a chemical kinetic approach. 

Although the racemization reaction of epineph- 
rine has been the subject of a number of investi- 
gations (1-4), nearly all of these studies have been 
designed to show the stability of epinephrine 
under certain conditions and, for the most part, 
were not concerned with the kinetics of the proc- 
ess or predictions based upon such knowledge. 
Kisbye (5, 6) has investigated the rate of race- 
mization at higher temperatures and has con- 
cluded that the racemization is a monomolecular 
process. This and our study at low pH values 
indicate that an entirely different mechanism 
was responsible for racemization in acid solu- 
tions. 

The acid catalysis of epinephrine racemization 
is of such a type to suggest a Snl reaction in 
which water does not stoichiometrically enter 
into the reaction. This would seem to indicate 
that the carbonium ion never becomes completely 
free from the influence of the leaving water 
molecule. A shielding effect occurs so that the 
incoming water molecule enters from the oppo- 
site side to give a Walden inversion effect: (See 
mechanism of reaction, page 427.) 

Bunton, ef al. (7), have postulated a similar 
activated complex for optically active secondary 
butyl alcohol in perchloric acid solutions. They 
found the rate of racemization followed Ham- 
mett's acidity function, Ho (8), and that the 
rate of racemization was always twice the rate of 


* Received August 1957 from School of Pharmacy, Uni- 
versity of Wisconsin, Madison. 
This study was i im part by a contract with the 
Service Medical Procurenemt Agency, Brooklyn, 
New York and by a grant from Parke, Davis and Co. 
Detroit, Mich. 


of activation of the reaction the s 





oxygen exchange. The oxys:n exchange was 
followed by using 0"' enriched sec. butyl alcohol 
and H,O". The logarithins of the rates of many 
acid catalyzed reactions have been tabulated 
and found to conform to log k = —Ho + con- 
stant (9). The log of the rate constant for 
epinephrine racemization has been found to fit 
this equation. The mechanism may be essen- 


tially 
ky k; 
1-2,+H8*, > Activated Complex ; 
k k 
: H++d—-E, 


where water does not stoichiometrically enter 
into the equation. 

Polarimetric determination of the rate con- 
stant involves the measurement of change in 
optical activity of the /-epinephrine solution with 
respect to time. The physical measurements 
show the epinephrine solution changing with 
time from levorotatory ultimately to zero optical 
activity when equilibrium is established. Con- 
sidering only the physical measurements in- 
volved and the equation 


ke 
1 — E, a — Ey, where k, = ka, 


ka 
the following equation may be derived: 


a = age *'; 


where a is the rotation at any time ¢ and ap is the 
initial rotation, the value 2k corresponds to the 
experimentally determined rate constant. This 
equation will describe the optical activity of a 
Lepinephrine solution at any given time under 
isothermal, isohydric conditions. 


EXPERIMENTAL 


Reagents.—Synthetic Jevo-epinephrine (Parke, 
Davis & Company), reagent grade perchloric acid, 
reagent grade hydrochloric acid, reagent grade so- 
dium bisulfite, water redistilled from all-glass 
apparatus, 
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Apparatus.—Zeiss Winkle Polarimeter, con- 
stant temperature bath fitted with centrifugal 
pump and valves, Beckman Model G pH meter with 
a thermostated cell. 


PROCEDURE 


Acid Effect and Measurement of pH.—Solutions 
of epinephrine were prepared by dissolving chemi- 
cally assayed (10) /-epinephrine in standard solutions 
of perchloric or hydrochloric acid. Perchloric acid 
was employed because of its single ionization con- 
stant and nonvolatility at the experimental temper- 
atures; it was compared with hydrochloric acid at 
lower temperatures to test the effect of the anion on 
the racemization and was found to give the same 
rate of racemization. 

Determination of pH of epinephrine in perchloric 
acid solution was performed at 25° + 1° on all 
solutions using the Beckman Model G pH meter 
calibrated against standard buffers every 0.5 pH 
unit over the range employed. The pH temperature 
coefficient of the perchloric acid solutions as deter- 
mined with the glass-saturated calomel electrode 
system was found to introduce a small inherent 
error in this assumption; however, this procedure 
was found to give more reproducible results than 
that of making the determinations at the higher 
temperature of the experiment. 

Polarimetric Determinations.— Measurements 
were made at 589.3 my (sodium © line) with the Zeiss 
Polarimeter fitted with filters and jacketed cells. 
Temperature was controlled by pumping water 
from an insulated thermostat with a temperature 
control of +0,05° through the jacketed polarimeter 


cells. Flow of thermostated water through the 
cells was controlled by valves to limit the initial 
temperature time lag between cell and thermostat 
to two minutes and to maintain the cell at the de- 
sired temperature within +0.05°. Three jacketed 
cells of various lengths and of different glass com- 
position were employed in the study. The use of 
different cells served to control vessel effects. The 
use of the different cells in three determinations of a 
standard epinephrine solution gave the same rate 
constant. 

The rate of racemization of the thermostated L- 
epinephrine solutions was determined by measur- 
ing the change in rotation with respect to 
time. Typical semi-log plots of optical rotation, 
a, against time in minutes are shown in Figs. 1, 2, 
3, and 4. All of the rotations are corrected to a 
2.200-dm. polarimeter tube and represent 0.05 
molar epinephrine. The molar rotation, M[a],’, 
may be calculated from any plot by using the 
expression: 


M[a}a” = a@ 1000/(2.200 dm. XK 0.05 Molar) 


Effect of Epinephrine Concentration and Bisul- 
fite Concentration.— Effects of the racemization due 
to oxygen were minimized by using 0.1% sodium 
bisulfite in several solutions and determining the 
rate of racemization. The addition of the bisulfite 
did not significantly change the rate of any of the 
solutions under the experimental conditions of 
hydrogen ion concentration and temperature. 

The effect of the concentration of epinephrine 
on the rate of racemination was tested in several 
determinations by employing 0.05, 0.10, 0.20, and 
0,30 molar solutions of epinephrine. In this range 
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Fig. 2.—Semi-log plot of rotation in degrees 
against time in minutes. Rotations corrected to 


2.20-dm. tube. 
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Fig. 4.—Semi-log plot of rotation in degrees 
against time in minutes. Rotations corrected to 
2.20-dm. tube. 
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of concentration the rate appears to be independent 
of concentration. 


RESULTS AND DISCUSSION 


The rate of racemization of 0.05 and 0.10 molar 
epinephrine in perchloric acid and in hydrochloric 
acid solutions was determined at 43.4°, 58.8°, 
69.4°, and 73.0°. Sodium bisulfite in 0.1% con- 
centration was employed in a number of the solu- 
tions to test the effect of exclusion of oxygen and 
also to test the effect of the salt. Figure 5 shows 
the collected results of some of these determinations 
in which the logarithm of the rate in reciprocal min- 
utes has been plotted against the pH determined 
at 25°. The isotherms are essentially parallel and 
have a negative slope; the value of the rate constant 
in minutes decreases approximately 6.2 xX 107? 
per pH unit increase over the range studied. 

Judicious extrapolation of the rate constant to 
somewhat higher pH values offers :_ means of pre- 
diction of isomer concentration in cegions where 
measurements of the rate change are very difficult 
due to slowness of the racemization process or where 
colored degradation products interfere. From the 
experimental data the following equation was de- 
rived: 


log RK; = log K, m4 {1.21 (pHa) — pHa))] 
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Fig. 5—Logarithmic plots of isothermal rate 
constants in reciprocal minutes against pH deter- 
mined at 25°. Perchloric and hydrochloric acid 
solutions of epinephrine employed for 43.4° iso- 
therm; perchloric acid employed exclusively in all 
others. The average slope of the lines is approxi- 
mately — 1.208. 


where K, is the experimentally determined rate 
constant at pH, and pH, is greater than pH). 
From the equation it is possible to predict the rate 
constant at other isothermal pH values with rea- 
sonable accuracy. Determination of several iso- 
thermal rate constants will give better results inas- 
much as an average value for the rate can be deter- 
mined and the log of the slope value, — 1.21, can be 
adjusted to better fit the curve. 

Arrhenius’ plots of 0.05 and 0.10 molar epineph- 
rine solutions are shown in Fig. 6. The average 
value for the heat of, activation for the process, 
AHa, as determined frem the slopes of the different 
pH values is 23.19 Kcal mcle~'!; the standard devi- 
ation of this value for the six determinations is +0.16 
Kcal mole~'. Plotting the log of the frequency 
factor, S, from the Arrhenius relationship, log k = 
log S — AHa/2.303 RT, against pH gives Fig. 7. 
Figure 7 may be used to determine the frequency 
factor over a moderate range of high hydrogen ion 
concentration. 

Table I compares the experimentally determined 
half-lives of epinephrine solutions with the pre- 
dicted values. Calculation of the predicted rates 
of racemization was made by utilizing Fig. 7 to ob- 
tain the log of the frequency factor and the value 
23.19 Kceal mole~'! for the heat of activation for the 
process, The same information was utilized to pre- 
pare Table II in which the predicted rates and times 
of maintenance of 95 and 90% levels of optical 
activity are tabulated. Predicted racemization 
rates above pH 4.0 should be regarded cautiously 
since this approaches the limit of reliability for the 
extrapolated value. 
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Fig. 6.—Arrhenius’ plots for 0.05 and 0.10 molar 
epinephrine solutions. The logarithm of the rate of 
racemization, KX, is expressed in reciprocal minutes. 
The average heat of activation, AHa, calculated 
from the slopes is 23.19 Kcal mole. 
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Taste I.—ExperRtmmentaL Havr-Lives or Ept- 
NEPHRINE AT Low PH COMPARED WITH PREDICTED 
VALUES 

Half-Life in Minutes 

Temperature, °C pH By Experiment Predicted® 
43.4 0.77 7 10 75 XxX 10° 
1.27 9.6 10* 67 X 10* 
58.8 0.66 < 10? 79 X 10° 
1.30 7 10? 12 X 10° 
69.4 §1 7 10! 35 X 10! 
x 
x 
x 


2 


1.04 3.4 10? 42 10? 
73.0 0.54 6.96 10! 54 10! 
1.40 6.¢ . 10? 6.32 10? 


bwaonmwewvct 


~* 
as 


s Predicted from the jogarithmie form of the Arrhenius 
equation, log & = log S — AHa/2.303 RT, and the half-life 
form for first order equations 
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CONCLUSIONS 


1. The racemization of epinephrine at low 
pH values is a first order reaction. The rate at 
low pH values decreases approximately 6.2 X 
10~* min.~* per pH unit increase. The isother- 
mal racemization of epinephrine at different low 
pH values may be calculated with reasonable 
accuracy using a simple equation. 

2. The average heat of activation for the proc- 
ess determined from Arrhenius’ plots is 23.19 
Keal mole~!. This may be used in conjunction 
with a plot of the Arrhenius frequency factor 


Tas_e IIl.—Prepicrep Rates AND Times OF MAINTENANCE OF A Minimum 95 AND 90 Per Cent OprTicaL 
AcTIvitTy 


Time of Minimum 
95% Optical 
Activity® 


Predicted Rate 

Constant, Min.~' 

pH 2.5, 2 2.63 X 107 
pH 2.5, 35° 9.34 X 1077 
pH 3.0, : 6.92 X 10-* 
pH 3.0, : 2.45 X 1077 
pH 3.5, 2 1.91 X 10°* 
pH 3.5, 35 6.77 X 10-* 


10* min. 


10° min. 


Time of Minimum 
90% Optical 
Activity? 
10° min. (ca. 9 mo.) 
. 1 mo.) 1 10* min. (ca. 2 mo.) 
. 17 mo.) 5 X 10* min. (ca. 35 mo.) 


4.0 
1. 
8. 
a. 5 mo.) 4.3 X 10° min. (ca. 10 mo.) 
5. 
1. 


. 4'/, mo.) x 
x 


(ca. 60 mo.) 5 X 10* min. (ca. 120 mo.) 
. (ca. 17 mo.) 6 X 10° min. (ca. 36 mo.) 








® Calculated from the following equation 
+ Calculated from the following equation 
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Fig. 7. 
Arrhenius frequency factor, 5, 
log K + AHa/2.303 RT 


where log S = 


tum, = 2.303/k.log (100/95) 
iw= = 2.303/k log (100/90). 


A plot showing pH against the log of the 


against pH to determine the rate constants at 
different temperatures and at various low pH 
values. 

3. An equation is described by which the 
degree of racemization at any time may be cal- 
culated if the initial degree of racemization and 
the rate is known. 
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A Simplified Method to Determine Adrenergic 
Blocking Activity of Drugs* 


By EUGENE N. GREENBLATT and RICHARD K. THOMS{ 


gg oe 


A method for determining adrenergic blocking activity utilizing the mugen a of 
inephrine an 


rabbit isolated thoracic aortic strips 


has been investigated. The abilities of Priscolne, Apresoline, and Benodaine re 
block L-epinephrine and L-norepinephrine contractions have been determined. In 


a ~ 


oeecmoorr AND BHADRAKOM have character- 

ized the responses of spirally cut rabbit tho- 
racic aortic strips to such compounds as L-epi- 
nephrine, L-norepinephrine, acetylcholine, and 
nitrates (1). 

From their results it appeared that this method 
might be adapted to the determination of adren- 
ergic blocking activity by observing the effects 
of drugs to be tested on contractions produced by 
L-epinephrine and L-norepinephrine. However, 
because such compounds often have diverse and 
sometimes antagonistic side actions it was be- 
lieved necessary to test the method with known 
sympatholytic and adrenolytic drugs. Because 
of their varied potencies and side effects Apreso- 
line’, Priscoline,' and Benodaine* were the drugs 
of choice for this purpose. 


EXPERIMENTAL 


Methods.—Two spirally cut thoracic aortic strips 
excised from the same rabbit were mounted in two 
30-ml. muscle chambers to record simultaneously 
on a slow moving kymograph under the conditions 
recommended by Furchgott and Bhadrakom (1). 
Thus, experiments were carried out on L-epinephrine 
and L-norepinephrine concurrently on tissues taken 
from the same rabbit. 

All of the drugs were dissolved in normal saline. 
The solutions were kept frozen when not in use and 
kept in an ice bath during the experiment. Even 
with these precautions, solutions of L-epinephrine 
and L-norepinephrine had to be prepared weekly. 
The concentrations of the drugs were adjusted so 
that all additions to the muscle chambers were made 
in volumes of 0.2 ml. No temperature effects were 
noted. 

The arterial strips were allowed to attain a state of 
complete relaxation and then tested for their re- 
sponses to L-epinephrine and L-arterenol depend- 
ing on which compound was to be used for the 


* Received November 15, 1957, from the State University 
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Inc. 
*? Generously donated by Merck and Co., Inc. 


e results obtained by this procedure 
by other investigators concerning the peri 


with the conclusions reached 
actions of these drugs. 


particular preparation. The concentration of 1- 
epinephrine or L-norepinephrine which produced a 
marked contraction was the one used as the test dose 
for that strip. 

Throughout the entire investigation these con- 
centrations varied from 10-* (Gm./ml. bath) to 
10~* for L-norepinephrine and from 10~* to 10~* for 
L-epinephrine. The concentrations of the drugs re- 
quired to block the contractions remained constant 
in repeated experiments. 

After relaxation from the test dose and washing, 
the drug to be tested for its inhibitory activity 
was added to the bath followed immediately by L- 
epinephrine or t-norepinephrine. The reversi- 
bility of the blocking actions was determined by 
adding the test doses of L-epinephrine and L-nor- 
epinephrine to the bath, again, after thorough wash- 
ing. The only exceptions to this general procedure 
occurred with Priscoline. 

Priscoline.—The results of a typical experiment 
with this drug may be seen in Fig. 1. 

It was found that Priscoline itself produced con- 
tractions in the arterial strips in concentrations as 
low as 1077. However, when Benadryl in a con- 
centration of 6 X 10-7 was added this effect of 
Priscoline was blocked. It will be noted from Fig. 1 
that the shape of the Priscoline contractions differ 
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Fig. 1—A. Shows a normal arterenol (A) con- 
traction. B. In the presence of Benadryl (B) 6 x 
10-7, and Priscoline (P) 10~* the arterenol contrac- 
tion ‘is partially inhibited. C. In the presence of 
Benadryl 6 X 10~' arterenol exhibits a normal re- 
sponse. D. Shows a normal 
traction. E. In the presence o! 
and Priscoline 10~‘, epinephrine elicited a sligh 
reversal. F. In the presence of Benadryl 6 x 10~’, 
epinephrine exhibits a normal response. G. In the 
presence of a stimulating concentration of Priscoline 
10~* the epinephrine contraction was not inhibited. 
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from those of L-epinephrine and L-norepinephrine 
being slower and more sustained. 

In the presence of Benadryl 6 X 10-7 the test 
doses of L-epinephrine and t-norepinephrine pro- 
duced normal responses, but when Priscoline in 
concentrations as low as 10-7 was also added no L- 
epinephrine or L-norepinephrine contractions could 
be elicited. 

Responses to L-epinephrine and L-norepinephrine 
were again obtained after washing out the Prisco- 
line and Benadryl. 

These results appear to agree with the conclusions 
of other investigators which state, that in the rabbit, 
Priscoline is both histaminic and sympatholytic 
(2-6). 

Apresoline.—The results of a typical experiment 
with this drug may be seen in Figs. 2 and 3. 


sw 


wi sas we suet 

Fig. 2—A. Shows a normal arterenol (A) con- 
traction. B.,C. In concentrations of 10~* through 
10-* Apresoline (Ap) exhibits no effect on the 
arterenol contraction. D. Apresoline 10~* partially 
blocks the arterenol contraction. EZ. Apresoline 
10~* blocks the arterenol contraction, and after 
washing, the arterenol elicits a normal response. 


» wt 

Fig. 3.—A. Shows a normal epinephrine (E) re- 
sponse. B., C. In concentrations of 10~* through 
10-* Apresoline (Ap) exhibits no effect on the epi- 
nephrine contraction. D. Apresoline 10~* partially 
blocks the epinephrine contraction. E. Apresoline 
10~* elicits a greater inhibition of the epinephrine 
contraction. 


The contractions produced by test doses of L- 
epinephrine and t-norepinephrine were inhibited 
by a concentration of 10~* of Apresoline and were 
completely blocked by a concentration of 10~. 
Responses to L-epinephrine and .L-norepinephrine 
were again obtained after washing out the Apresoline. 
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The fact that these concentrations appear high 
when compared to those of the other drugs tested 
appears to agree with the results of other investi- 
gators which indicate that Apresoline has a rather 
low potency with regard to its sympatholytic ac- 
tivity (7,8). 

e.—The results of a typical experiment 
with this drug may be seen in Figs. 3, 4, and 5. 


rw 


Fig. 4.—A. Shows a normal arterenol (A) con- 
traction. B., C., and D. Benodaine (B) in concen- 
trations of 10~* through 10~’ had no effect on 
arterenol contractions. E. Benodaine 10~ partially 
blocks the arterenol contraction. F. Benodaine 
10~* elicits total block. G. After washing, no fur- 
ther response could be elicited with arterenol. H. 
Priscoline (P) 10~* elicits a direct muscle stimula- 
tion, after apparent irreversible block of the sympa- 
thetic receptor sites with Benodaine. 


Sa 


a 


ad 
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Fig. 5—A. Shows a normal epinephrine (E) 
contraction. B. Benodaine (B) 10~* partially 
blocks the epinephrine contraction. C. aine 
10~* totally blocks the epinephrine contraction. 
D., E. Subsequent addition of epinephrine after 
washing elicited noresponse. F. Priscoline(P) 10~¢ 
elicits a direct muscle stimulation after apparent 
irreversible block of the sympathetic receptor sites 

with Benodaine. 


Concentrations of 10~* markedly depressed the 
contractions produced by epinephrine and concen- 
trations of 10~* blocked them. 

Responses to norepinephrine were inhibited by a 
concentration of 10~* Benodaine and blocked by a 
concentration of 10~*. 
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In both cases the blockades were irreversible, in 
that, after repeated washings the muscle would not 
respond again to the adrenergic stimulants. How- 
ever, the muscle did exhibit responses to the hista- 
minic actions of Priscoline. 

The fact that a much higher concentration of Beno- 
daine is required to influence the response to nor- 
epinephrine from that to epinephrine appears to 
agree with the literature in that Benodaine will in- 
hibit circulating epinephrine, but will have little 
effect on sympathetic stimulation. 
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The Polarographic Behavior of Certain Antioxidants 
at the Wax-Impregnated Graphite Electrode* 


By ROBERT A. NASH, DONALD M. 


The anodic polarography of thirty-six phe- 

nolic compounds and nine miscellaneous 

antioxidants at the wax-impregnated graphite 

electrode is reported. Certain correlations 

have been made between ring substitution 
and oF smn potential. 


T= ASSESSMENT of antioxidant properties is 

a matter of considerable importance to the 
pharmacist. Since polarography is rapid and 
can be conducted at low concentrations in a wide 
variety of media, it occurred to us that a polaro- 
graphic study of a range of compounds having 
known antioxidant properties might prove ex- 
tremely useful. 

Anodic polarography has been studied far less 
than the cathodic variety. Although useful in 
some cases, the dropping mercury electrode itself 
readily undergoes oxidative attack, so that the 
stationary or rotating platinum microelectrode 
is often more useful (1). Gaylor and her co- 
workers (2-4) have recently introduced the tech- 
nique of anodic polarography at the wax-impreg- 
nated graphite electrode. Lord and Rogers 
(5) found that the graphite electrode could be 
used for the anodic polarography of organic 
compounds. There is, however, limited data 
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comparing the behavior of the graphite electrode 
with that of any other well established electrodes. 

The purpose of this paper is to present polaro- 
graphic data for a large number of antioxidants 
and related compounds. These data will be 
obtained on the wax-impregnated graphite 
electrode. 


EXPERIMENTAL 


Method.—The method of polarography with wax- 
impregnated graphite electrodes (3) was ~~ 
for use with the Fisher “ 
galvanometer was calibrated in por IR 
Sale GUETGk selected semmaveiie’ Wat taneean 
known resistances across the instrument leads and 
noting the resulting galvanometer displacement as 
various potentials were applied. For example, read- 
ings of 0.0257, 0.0235, and 0.0219 wA/division were 
obtained for galvanometer sensitivity settings of 
1, 10, and 100X respectively. The potential dial 
of the instrument was calibrated against a Leeds 
and Northrup K2 precision potentiometer. 

Graphite electrodes' fitted to cork stoppers were 
impregnated with Castorwax? at 100° for a period 
of two hours. The electrodes were cooled to room 
temperature and their exposed surfaces were coated 
with Seal-All.* A length of copper wire, serving as 


CS wate Cre eee ee. eee 
and 0.25-inch di were the Union 
Products Co., Inc., Bay City, Mich. 
veceerat te 8 a product of the Baker Castor Oil Co., New 


+ Seal-All is emmeres by the Allen Prodacts Corpo- 
ration, Detroit, M 
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a lead, was fitted to the top of each electrode with a 
short piece of Tygon tubing and was sealed in place 
with a small amount of Wood's metal. This elimi- 
nated the need for a mercury contact. Fresh surfaces 
of the electrode were exposed for each run by cutting 
off lengths of between 0.12 and 0.25 inch from the 
bottom and abrading the exposed surfaces lightly 
with fine emery cloth. 

Procedure.—Samples of freshly prepared test 
solution were taken for each run. In the case of 
water-soluble compounds, 10-millmolar solutions 
were prepared and diluted 100 times with standard 
Sérenson pH 7.0 phosphate buffer to obtain work- 
ing concentrations of 0.1 millimolar. Where water 
solubility was a problem, the stock solutions were 
made up in alcohol and diluted with an aqueous 
alcohol (1:1) buffer to yield apparent pH values of 
approximately 7.1. 

Twenty-milliliter portions of the test solution 
were placed in a Lingane H-cell fitted with a potas- 
sium chloride-agar plug and a saturated calomel 
electrode (see Fig. 1). The cell was placed in a 


Fig. 1.—The Lingane H-Cell with a Wax-Impreg- 
nated Graphite Electrode. A.—The Lingane H- 
Cell. B.—The Saturated Calomel Electrode. C.— 
A Castorwax-Impregnated Graphite Electrode. 
D.—Tygon tubing. E.—Wood’s metal seal. F.— 
Copper wire lead. 


water bath thermostated at 25 + 0.5°. Nitrogeu 
gas was bubbled through the test solutions for fif- 
teen minutes before each run and a nitrogen atmos- 
phere was maintained above the solution during the 
course of the run. Commercial tank nitrogen was 
purified by passing the gas through two solutions 
of hypovanadate and one of test buffer before enter- 
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ing the H-cell. 
manually. 


The polarograms were plotted 


DISCUSSION OF RESULTS 


The polarographic behavior of thirty-six substi- 
tuted phenols, which have been used as antioxi- 
dants, is collected in Table I. These compounds 
are listed in order of decreasing half-wave potential. 
Included, also, are the limiting currents (6) for the 
compounds, measured in a solution at pH 7.0 and 
containing a 0.1 millimolar concentration of the 
electroactive material. The a-values (7) for these 
compounds are also given. 

In the case of catechol (8) and gallic acid (9), the 
results obtained in this study compare favorably 
with those obtained at a platinum electrode. Al- 
though previous studies at the graphite electrode 
were conducted at pH values other than 7.0, the re- 
sults obtained here are in line. 

The largest single class of antioxidants are the 
butylated derivatives of phenol. Their insolubility 
in water and relative lack of toxicity have made 
them ideally suited for the protection of fats and 
oils. The half-wave potentials of seven of these 
butylated phenols, (i.e., ““Tetrabuty!l Bisphenol A,” 
2,4-dimethyl-6-tert-butylphenol, 2,4,6-tri-tert-butyl- 
phenol, ‘“Tenox-BHA,”’ 2,6-di-tert-butylphenol, “‘Le- 
derle-2246,"" and ‘‘Tenox-BHT"'), have been pre- 
sented in Table I along with the data on phenol. 
The half-wave potentials cf m-tert-butylphenol, 
o-tert-butylphenol, and p-tert-butylphenol have been 
calculated to be 0.520, 0.442, and 0.468 volt os. SCE 
at 7.0 (1, 2). 

An inspection of these data indicates that butyl- 
ation in the ortho- and para- positions has a profound 
lowering effect on the half-wave potential. Ortho- 
butylation has a greater potential lowering effect 
than para-substitution. Bis structures such as 
“Tetrabutyl Bisphenol A” and “Lederle 2246" 
offer no visible advantage in potential lowering to 
their monophenyl counterparts. 

In Table II are found the polarographic data on 
nine miscellaneous antioxidants and related com- 
pounds. Agein these data are in line with the work 
previously reported at the graphite electrode. 

In a subsequent paper, correlations will be drawn 
between the half-wave potential and the antioxy- 
genic efficiency. 


SUMMARY 


1. Polarography with wax-impregnated graph- 
ite electrodes has been adapted to study a wide 
variety of antioxidants and related compounds. 


Half-wave potentials, limiting currents, and 
alpha values are reported for a total of forty-five 
compounds. 

2. Certain correlations between ring sub- 
stitution and half-wave potential for phenols 
have been drawn. 

3. The method is rapid, can be used at low 
concentrations in a wide variety of solvents, and 
should prove extremely useful for the examina- 
tion of antioxidants. 
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Tas_e I1.—Tue PoLaroGraPpHic BEHAVIOR OF CERTAIN SUBSTITUTED PHENOLS 








Ein in mv 
Compound vs. SCE 

Methylparaben* 759 
p-Hydroxpropiophenone 745 
p-Nitrophenol 691 
Phenol 537 
Potassium guaiacol sulfonate 514 
Vanillin 508 
Resorcinol 490 
p-Hydroxyphenylalanine 465 
Hydroquinone monomethylether 352 
Phloroglucinol : 
‘Tetrabutyl Bisphenol A’’* 
N-acetyl-p-aminophenol 
N-n-butyryl-p-aminophenol 
B- Naphthol 

2,4,6-Tritert butyiphenol 

“Tenox-BHA"’* 
N-n-pelargonyl-p-aminophenol 
N-n-stearoyl-p-aminophenol 
N-n-lauroyl-p-aminophenol 
2,6-Di-tert-butylphenol 
“Tenox-BHT’’é 
““Lederle-2246""* 
a-Naphthol 
a-Tocopherol 
Catechol 
Ethyl Hydrocaffeate 
3,4-Dihydroxyphenylalanine 
Ethyl gallate 
Propy!] gallate 
Nordihydroguaiaretic acid 
p-Aminophenol hydrochloride 
Gallic acid 
Pyrogallol 
Quercetin 
Hydroquinone 
Trihydroxybutyrophenone —10 
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Aqueous-alcohol 
Aqueous 
Aqueous-alcohol 
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* Methyl p-hydroxybenzoate, C.P., obtained from Heyden Chemical Corporation, New York, N. Y. 
+ Obtained from B. F. Goodrich Chemical Co., C.P 

¢ Butylated hydroxvanisole, food grade, obtained from Eastman Chemical Products Inc., Kingsport, Tennessee. 

@ Butylated hydroxytoluene, food grade, obtained from Eastman Chemical Products, Inc 

© 2,2’-methylenebis (4-methyl-6-tertbutylphenol), C. P., obtained from American Cyanamid Co., New York, N. Y. 


Tas_e Il.—Tue Porarocrapuic Benavior oF Some MISCELLANEOUS ANTIOXIDANTS AND RELATED 
ComPouNDs 








Ei: in mv. Solvent ™ 
Compounds vs. SCE i ’ at pH 7.0 
Aniline 682 Aqueous 
2,3-Diphenylindole 552 Aqueous-alcohol 
Bithionol* 457 Aqueous-alcohol 
“Dichlorophene’’* 452 Aqueow 
| 


Hexachlorophene 406 Aqueous-alcoho 
Phenothiazine 239 Aqueous-alcohol 

Aqueous-alcohol 
ol 


“Santoquin’’* 201 
Aqueous-alcoh 
Aqueous-alcohol 


. as 
wo coro 


w 


Rutin 199 
N,N’-Diphenyl-p-phenylene diamine —5 
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* “Actamer,” U. 5S. 5 P< obtained from Monsanto Chemical Co., St. Louis, Mo. 
© Obtained from Sindar Corporation, New York, N.Y. C 
© 6-Ethoxy-2,2,4-trimethy]-1,2-dihydroquinoline, technical, obtained from Monsanto Chemical Co. 
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The Correlation of Polarographic Half-Wave 
Potentials of Antioxidants with Their 
Antioxygenic Efficiency’ 


By ROBERT A. NASH,+ DONALD M. SKAUEN, and WILLIAM C. PURDY 


The anodic polarography of forty-five antioxidants at the wax-impregnated graphite 


electrode has been presented in a previous 


In this present communication, 


certain correlations between a potentials and older potentiometric 
poten 


conventions for the measurement of 
tion have been drawn. 


antioxidant activity is presented. pes 5 


ten antioxidants in pharmaceuticals an 


Furthermore, a correlation between half-wave 
recommendations are made for the use of 


‘or ei 


an irreversible organic oxida- 
tial and 


t antioxidants in commercial non- 


edible preparations. 


[T= ARE A NUMBER of ways of quantitatively 

expressing the potential for an irreversible or- 
ganic redox reaction. Conant and Pratt (1) 
introduced the A.O.P. (apparent oxidation po- 
tential) in their study of the irreversible oxida- 
tion of phenolic compounds. The A.O.P. is de- 
fined as the potential developed in thirty minutes 
by a solution containing the reduced form of the 
phenol and equimolar amounts of ferrocyanide 
and ferricyanide. Several years later, Fieser de- 
fined the normal oxidation potential (Z) as the 
potential difference between a dilute solution of 
equimolar quantities of the oxidant and the re- 
ductant, when neither is ionized, and a hydrogen 
electrode in the same solvent (2). Subsequently, 
Fieser (3) defined the critical oxidation potential 
(E.) as the potential obtained by an extrapola- 
tion of a potential-percentage composition plot for 
the reaction between the phenol and a suitable 
reference redox couple. 

The polarographic half-wave potential (Z:,,) 
for a reversible redox system is equal to the stand- 
ard oxidation potential minus a constant. This 
relationship has been shown to apply to the re- 
versible quinone systems (4). For irreversible 
systems, however, the half-wave potential and 
the apparent oxidation potential, normal oxida- 
tion potential, and critical oxidation potential are 
only empirical. Since the half-wave potential is 
much more readily obtainable than the latter 
three potentials, a study into the relationship 
between polarographic and potentiometric po- 
tentials for systems potentially valuable in phar- 
maceutical preparations was undertaken. 


DISCUSSION 


Sixteen compounds were selected to cover a po- 
* Received October 26, 1957, from the University of Con- 
necticut, Storrs. 
Taken in part from the Ph.D. dissertation of Robert A. 
Nash, the University of Connecticut, Storrs. 
Present address Merck, Sharp and Dohme, West 
Point, Pa. 


tential range of 1200 millivolts. Half-wave poten- 
tials and decomposition potentials (5) were obtained 
for each compound at the wax-impregnated graphite 
electrode by the method described in a previous 
paper (6). These polarographic values were con- 
verted to potentials vs. N.H.E. by means of the fol- 
lowing formulae: 


E, = E:/, + 0.059 pH — (—0.246) at 25° 
Ep = Ez + 0.059 pH — (—0.246) at 25° 


In Table I are collected the Z, and Ep potentials 
together with the corresponding literature values of 
E, and E, for these sixteen compounds. The £, 
and EZ, values reported are for solutions at pH = 7, 
made up in the same solvents as used in this study. 
Missing values indicate the lack of literature data 
for the particular compounds. 

An examination of Table I indicates a rather close 
correlation between E, and E, and between Ep and 
E.. The correlation between E, and E, is not 
nearly so good. The relationship between E, and 
E, is accepted by all investigators in the field of 
polarography. The differences between the experi- 
mentally determined EZ, values and the reported E, 
values can be attributed to one or more of several 
factors, such as differences in electrode material, 
ionic strength of solutions, etc. The correlation 


Tas_e I.—Tue OxIDATION POTENTIALS OF SIXTEEN 
SELEcTED CoMPOUNDS 








-—Potentials in mv. es. N.H.E.— 
Compounds Lo ? Ep 
p-Nitrophenol 1350 1276 
Aniline 1342 1173 
Phenol 1197 1106 
Resorcinol 1150 1051 
8-Naphthol 909 
Phloroglucinol 898 
a-Naphthol 752 
Gallic acid 622 
Catechol 749 
eam cee 619 
ydroquinone 634 
Pyrogallol 624 

a-Ti 


ocopherol 761 
1,4-Naphthoquinone 549 
l-Ascorbic acid 423 
9,10-Anthraquinone 


223 
* Value calculated by Egloff, et al. (7). 


1225 
1205 





436 





June 1958 


betweeen Ep and E, could be due to the fact that 
both these potentials behave like limiting poten- 
tials. Z, represents the potential at which a com- 
pound first begins its irreversible oxidation of a re- 
versible reference redox system. Ep, on the other 
hand, is the potential at which a compound first 
undergoes reduction at an electrode surface. 

Although these correlations are not absolute and 
are subject to such factors as choice of electrode, 
solvent system, pH, and ionic strength, the results 
of this study indicate that the half-wave potential, 
determined at a wax-impregnated graphite elec- 
trode, may replace the normal oxidation potential 
for such compounds as antioxidants. Furthermore, 
the critical oxidation potential may be replaced by 
the decomposition potential. 

A comparison of the half-wave potential and the 
antioxygenic efficiency index for twenty-four com- 
pounds is presented in Table Il. The compounds 
are arranged in descending half-wave potential 
order. The antioxygenic efficiency index for each 
compound was taken from data published by Bickoff 
(8). The index for each compound was obtained 
on carotene substrates in mineral oil at 75°. 

Table II indicates that the most effective antioxi- 
dants are found in the potential region of 30 to 330 
millivolts. Based on the results of this table, the 


Tasie II.—Tue CorRELATION BETWEEN ANTIOXY- 


GENIC ACTIVITY AND THE HALF-WAVE POTENTIAL 








Ei: in mv. 
Compound vs. S.C.E. 
p-Nitrophenol 691 
Phenol 537 
Potassium guaiacol sul- 
fonate 
Vanillin 
p-tert-Butylphenol 
Hydroquinone mono- 
methylether 
N-n-butyryl-p-amino- 
phenol 
8-Naphthol 
2,4-Dimethy1-6-tert- 
butylphenol 
“Tenox-BHA"’* 
“Santoquin’’® 
“Tenox-BHT’’* 
a-Naphthol 
a-Tocopherol 
Catechol 
Ethyl hydrocaffeate 
Ethyl gallate 
Nordihydroguaiaretic acid 
p-Aminophenol 
Gallic acid 
Pyrogallol 
Hydroquinone 
2,5-Ditert-butylhydro- 
quinone 
2 Fietatiedeasionne 


514 
508 


— 558 
— 579 


* Butylated hydroxyanisole, food grade, obtained from 
Eastman Chemical Products, Inc., Kingsport, Tenn. 

6 6-Ethoxy-2,2,4-trimethyl-1 ,2-dihydroquinoline, a 
cal, obtai from Monsanto Chemical Co , St. Louis, Mo. 

© Butylated hydroxytoluene, food grade, obtained from 
Eastman Chemical Products, Inc. 
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following antioxidants are recommended for use: 
1. The ‘‘Tenoxs’’ (butylated hydroxyanisole and 
butylated hydroxytoluene) for fat soluble pharma- 
ceuticals; 2. Rutin (Z,,. = 199 mv.), ethyl gallate, 
propyl gallate (Z,. = 99 mv.), ethyl hydrocaffeate, 
and nordihydroguaiaretic acid for fat soluble pharm- 
aceuticals in which the absence of color is not im- 
portant; 3. ‘‘Santoquin,” ‘Lederle-2246"* (Ey. = 
168 mv.), phenothiazine (Ey. = 239 mv.), 2,4,6- 
tritert-butylphenol (EZ; = 300 mv.), the N-n- 
pelargonyl (Zi/, = 267 mv.), N-n-lauroyl (Ein = 
263 mv.), and N-n-stearoy! (Z:;, = 267 mv.) amides 
of p-aminophenol, and 2,6-ditert-butylphenol (Ey: 
= 208 mv.) for commercial, nonedible, fat soluble 
products; 4. 3,4-Dihydroxyphenylalanine (Ey, = 
119 mv.), N-acetyl (Zi2 = 333 mv.), and N-n- 
butyryl p-aminophenols in aqueous systems on the 
basis of the correlation established in fat systems. 

The present study suggests that anodic polarog- 
raphy should be a simple and rapid general tech- 
nique for the preliminary assessment of the efficiency 
index of new potential antioxidants. 

Preliminary investigations on certain other anti- 
oxidants, chiefly sulfur-containing compounds, were 
also begun along the lines indicated above. Al- 
though qualitative agreement was obtained, the re- 
sults of these investigations were, however, more dif- 
ficult to correlate both with the older potentiometric 
data and with antioxidant efficiency. 


SUMMARY 


1. Sixteen compounds were employed to 
establish two relationships between four dif- 
ferent oxidation potentials. A correlation be- 
tween the half-wave potential and the normal 
oxidation potential and another between the de- 
compusition potential and the critical oxidation 
potential was demonstrated. 

2. A correlation was established between the 
half-wave potential and the antioxygenic effi- 
ciency index for twenty-four of the more im- 
portant antioxidants. The greatest antioxygenic 
index for activity is found in the half wave poten- 
tial region between 30 and 330 millivolts. 

3. Recommendations are made for the use of 
ten antioxidants in pharmaceuticals and for eight 
antioxidants in commercial nonedible prepara- 
tions. These compounds are proposed on the 
basis of the potential-efficiency correlation pre- 
viously established. 

4. The ease with which half-wave potentials 
can be obtained suggests their use for the pre- 
diction of the efficiency index of a newly-syn- 
thesized antioxidant. 
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The Neuromuscular Activity of a Series of 


Bis(3-hydroxydimethylpiperidinium Bromide) Ethers* 


By A. L. FISHER} and HUGH H. KEASLING 


The neuromuscular blocking activity of the bis(3-hydroxydimethylpiperidinium 
bromide) ethers with 5-8, 10, 12, and 14 methylene groups has been evaluated in 
the mouse, rat, and hen. The 10, 12, and 14 methylene group derivatives were 
further tested in dug, rabbit, and frog i in an omnes S to opecty their mede of block- 
ade, Neuromuscular blocking potency increased with increase in number of methy!- 
ene groups to a maximum at 12, A qualitative change in mode of action occurred 
with the 12 and 14 methylene compounds. It was concluded that the compounds of 
this series represent a mixed type of action and that the biological tests utilized do 
not define the activity as either competitive or depolarizing in character. 


T= opyect of this study was an evaluation of 

the neuromuscular activity, mode of action, 
and structural relationships to activity of a series 
of bis(3-hydroxydimethylpiperidinium bromide) 
ethers. Following quantitative determinations 
of the neuromuscular potency of the compounds 
in the mouse, rat, and hen, the qualitative change 
in mode of action of certain of the compounds 
was studied further, This report details the re- 
sults of this investigation. 


EXPERIMENTAL 


The compounds investigated were the penta-, 
hexa-, hepta-, octa-, deca-, dodeca-, and tetradeca- 
methylene bis(3 hydroxydimethylpiperidinium bro- 
mide) ethers and the bis(3 hydroxypiperidinium bro- 
mide) ester of sebacic acid. The structure of these 
materials is detailed in Fig. 1. All compounds were 
dissolved in 0.8% saline, and administered as de- 
scribed in each experimental procedure. 

Mice.—The technique of Thesleff and Unna (1) 
was utilized. All compounds were administered by 
rapid intravenous injection into the tail vein of 
albino mice. Paralysis was indicated by the in- 


* Received September 30, 1957, from the Department of 
Pharmacology, College of Medicine, State University of 
lowa, Iowa City. 

The JB compounds utilized in this study were supplied 
through the courtesy of H. L. Daiell and H Friedman. I This 
work was supported in part by a grant from Lakeside Labora 
tories, Inc., Milwaukee, Wis. 

+ Smith, Kline & French Fellow in Pharmacology. The 
material contained in this report is abstracted from a disser- 
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versity of Iowa in partial fulfillment of the requirements for 
the degree of Ph.D 


ability of the mouse to cling to a screen inclined at 
60° from the horizontal. The median paralyzing 
dose was calculated by the method of probits, using 
13 mice at each dose level. 


CH; CH; 
R = 


CH; CH; 
(CH), 


Name 
Pentamethylene 
Hexamethylene 
Heptamethylene 
Octamethylene 
Decamethylene 
Dodecamethylene 
Tetradecamethylene 
—C—(CH:),—_C— 

M 


oO Oo 
Fig. 1.—Chemical structure of the bis (3 hydroxy- 
dimethyl piperidinium bromide) ethers. 


Rats.— The rat sciatic nerve-gastrocnemius muscle 
preparation as described by Van Maanen (2) was 
used with minor modifications. Only male hooded 
rats weighing from 250 to 400 Gm. were utilized. 
Each rat received only a single injection of drug. 

Chickens.—The sciatic nerve-gastrocnemius mus- 
cle of White Leghorn hens weighing between 1.5 
and 4.0 Kg. was prepared under pentobarbital 
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anesthesia (25 mg./Kg.) as described by Pelikan, 
et al. (3). The tension on the muscle was usually 
200 Gm. and held constant in each experiment. 
Muscle contraction was induced as described by 
Thesleff and Unna (1), using supramaximal volt- 
ages supplied by a Grass stimulator, The contrac- 
tions were recorded by a counterbalanced lever arm 
on a smoked drum. 

The drug effects were estimated as described by 
Thesleff and Unna (1). The antagonistic effects of 
edrophonium on the paralysis was investigated for 
certain of the compounds of the series by rapid in- 
travenous injection at a dosage of 200 mcg./Kg. 

The deca-, dodeca-, and tetradeca-cogeners were 
investigated further by the following procedures. 

Dogs.— Dogs were anesthetized with 30 mg./Kg. 
of pentobarbital sodium. One carotid artery was 
cannulated and recordings made on a smoked drum 
via a mercury manometer. The sciatic nerve was 
isolated and stimulated by supramaximal shocks 
of 0.2 millisec. duration every ten seconds and the 
contraction of the anterior tibialis muscle was re- 
corded on the smoked drum. The effects of acetyl- 
choline, histamine, epinephrine, and bilateral carotid 
occlusion were determined before and after each in- 
jection of compound. 

Rabbits.—Paralysis after intravenous drug ad- 
ministration was measured by loss of the righting 
response (4), The intravenous LDy dosage was 
determined by the method of probits in groups of 13 
animals and the therapeutic index was calculated 
for the deca-, dodeca-, and tetradeca-methylene 
ethers. 

Cholinesterase Studies.—Cholinesterase inhibi- 
tion was measured by standard manometric tech- 
niques using acetyl-8-methyl choline (0.02 M) as 
substrate and Winthrop-Stearns bovine erythrocyte 
cholinesterase (20 units/cc.). The 50% inhibitory 
level of the compounds tested was calculated by the 
method of probits. 

Results.— The relative potencies of the compounds 
in the mouse, rat, and hen are shown in Table I. 


TABLE I.—-PARALYZING ACTIVITY OF 
HYDROXYPIPERIDINIUM BROMIDES) 


Brs(3- 





——E Dye wmoles/Kg.— 
Rat 


JB No ” Mouse a Hen 


2.91 22.50 0.98 
3.34 10.10 1.56 
2.56 7.68 0.43 
1.78 7.28 0.19 
0. 0.73 0.14 
0. 0.24 0.10 
0.3 0.38 0.38 


392 39.80 0.38 


d-Tubocurar- 
ine 

Decamethon- 
ium 


It will be noted that the dedecamethylene com- 
pound (JB 410) is the most potent in all three species 
and approaches d-tubocurarine in potency in the 
curare susceptible species (rat and mouse) and is 
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more potent than d-tubocurarine in the decametho- 
nium sensitive preparation (hen). The duration 
of action of these materials was somewhat shorter 
than that of tubocurarine. The compounds having 
5 through 10 methylene groups produced a deca- 
methonium-like contracture in the hen while the 
dodeca (JB 410) and tetradeca (JB 418) compounds 
produced a d-tubocurarine-like paralysis. 

Rabbits.—The action of the deca-, dodeca-, and 
tetradeca compounds on the loss of righting reflex 
in the rabbit was examined. As in the other species, 
the dodecamethylene was the most potent deriva- 
tive. The intravenous LDy’s for these three com- 
pounds were determined and the therapeutic index 
calculated. These data and a comparison of the 
therapeutic indices reported for d-tubocurarine and 
Laudolissin under similar experimental conditions 
are listed in Table II. 


Tasie I1.—RicutinG RESPONSE AND TOXICITY IN 
THE RABBIT 








Compound EDse 
No. (CHa}n mg./Kg. 

JB 373 10 0.160 
JB 410 12 0.065 
JB 418 14 0.125 
d-Tubocu- 

rarine 
Laudolissin® 

* See reference (5). 


6 Decamethylenebis(1,2,3,4-tetrahydro-6,7-dimethoxyl-1- 
(3',4’-dimethoxy benzy!)-2 methyl isoquinolinium salts. 





Antagonism.—The antagonistic effect of neostig- 
mine or edrophonium was tested against the deca-, 
dodeca-, and tetradecamethylene compounds in the 
hen and dog. In the hen, the decamethylene com- 
pound was potentiated, the dodeca not affected, and 
the tetradeca was weakly antagonized by edro- 
phonium (see Fig. 2). All three compounds were 
potentiated in the dog by neostigmine. 

In mice, the effect of neostigmine was examined 
against the deca-, dodeca-, and tetradeca-methylene 
compounds. All were potentiated by neostigmine 
(see Table II]). 


Taste III.—Jornt Action or COMPOUNDS WITH 
NEOSTIGMINE IN THE Mouse 








Neostig- 
mine, 


mg./Kg. 


Para- 
No. of lyzed, 
Mice % 


Dosage, 
mg./KRe¢. 
0.164 
0.164 
0.110 
0.110 
0.110 
0.110 
0.200 
0.200 


0.050 


— 


0.025 
0.050 
0.100 


SeSeuese 


a SRB ore ef 


0.100 


— 
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However, when d-tubocurarine chloride and the 
dodeca-methylene compound were tested together 
in mice, they had an additive effect as will be noted 
in Table IV. 


TaB_e 1V.—Jornt Action or d-TUBOCURARINE AND 
JB 410 in THe Mouse 

d-Tubo- 
Dosage, curarine, No. of 
JB 410 mg./Kg. Mice 
0.100 13 15 
0.050 13 46 
0.050 13 100 








Para- 
lyzed, 
% 


0.100 








i 


H 


Effects of the deca-, dodeca-, and tetra- 
deca-methylene ethers and the effect of edrophonium 
on the neuromuscular blocking activity of these com- 


Fig. 2 


pounds in the hen 
muscle preparation. Injections at: 
100 wg./Kg—B JB 373 
phonium 200 wg./Kg—D JB410 60 ug./Kg-— 
E JB 410 60 pg./Kg—F edrophonium 200 
we./Kg—G JB 418 200 wg./Kg—H _ edropho- 
nium 200 wg./Kg 


sciatic nerve-gastrocnemius 
A JB 373 
100 wg./Kg—C  edro- 


Dog Blood Pressure.—-The deca- and dodeca- 
methylene compounds had no effect upon dog blood 
pressure up to and including paralyzing doses. 
Both increased the depressor activity of acetylcho- 
line fourfold which indicated the possibility of 
cholinesterase inhibition. There was no effect 
upon the pressor response of epinephrine, the de- 
pressor response of histamine, nor upon the pressor 
response of carotid occlusion. 
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Frogs.—The action of the deca- and dodeca- 
methylene compounds was found to be at the 
neuromuscular junction by use of the Claude Bern- 
ardexperiment. After injection of these compounds 
into the ventral lymph sac of frogs, the nonligated 
leg muscle was unresponsive to electrical stimulation 
of the sciatic nerve but did respond to direct elec- 
trical stimulation. The ligated leg muscle was 
responsive throughout the experiment to electrical 
stimulation of the sciatic nerve. 

Cholinesterase Inhibition. Manometric studies 
of the inhibition of true cholinesterases by the deca-, 
dodeca-, and tetradeca- compounds revealed about 
‘/io the cholinesterase inhibiting activity of neo- 
stigmine. The respective molar concentrations for 
50% inhibition were decamethylene (JB 373) 4 X 
10~*, dodecamethylene (JB 410) 7.8 K 10~, tetra- 
decamethylene (JB 418) 5 X 10~* and neostigmine 
7.9 X 107%. 


DISCUSSION 


Numerous investigations have emphasized the 
importance of chain length upon neuromuscular po- 
tency. While peak neuromuscular blocking activity 
occurs in the decamethylene member frequently, 
for example, the methonium series of Barlow and 
Ing (6) and the isoquinolinium series of Collier (7), 
Smith, ef al. (8), found in their series of bis-isoquino- 
liniums that the hepta- through deca- methylene 
derivatives were most potent in mice, rabbits, and 
cats but found the dodecamethylene compound most 
potent in the frog rectus preparation. Barlow and 
Ing (6) have shown that the tridecamethylene bis- 
triethylammonium bromide is the most potent of 
its series. In the present series the dodecamethyl- 
ene compound (JB 410) was the most potent in all 
species tested (see Fig. 3). 








§ ¢€7 8 10 2 i# OTC G10 


Fig. 3.—Correlation of neuromuscular paralyzing 
potency with length of the methylene chain. 
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The change from an ether linkage to an ester 
linkage markedly reduced the neuromuscular po- 
tency. The sebacic acid bis ester of 3 hydroxy- 
dimethylpiperidinium bromide (JB 392) was about 
'/o as active in the mouse and rat as its corre- 
sponding ether (JB 373) but was about '/; as active 
in the hen. However, it provoked contracture in 
the hen as did JB 373. 


Of special interest was the evident change in the 
mode of action which occurred as the methylene 
chain was lengthened from the deca- to the dodeca- 
methylene compound. The deca- and shorter chain 
analogs gave a definite contracture of avian muscle 
while the dodeca- and tetradeca- did not exhibit this 
effect. Further, no fasciculations were noted in the 
rat preparation with the dodeca or tetradeca com- 
pounds while the shorter chain members of the series 
all produced initial fasciculations prior to neuro- 
muscular block. This indication of a change from 
decamethonium-like to a d-tubocurarine-like action 
was further confirmed by examination of the rela- 
tive potencies of the deca- and tetradeca-compounds 
in the hen and rat. The tetradeca- was only '/; as 
potent as the decamethylene in the hen which is a 
decamethornium sensitive species, but twice as po- 
tent in the rat which is a d-tubocurarine sensitive 
species. 

Thesleff and Unna (1) reported no contracture 
resulted from the penta and hexamethylene mem- 
bers of the methonium series on the hen sciatic 
nerve-gastrocnemius muscle preparation whereas the 
higher and lower analogs did produce contracture. 
However, in this report the lack of contracture pro- 
ducing action was accompanied by a marked de- 
crease in neuromuscular blocking activity. This 
was evidenced by the fact that the ED, for these 
noncontracture producing agents was 30-fold that 
of the next higher analog, the tetramethonium. In 
our series, such large variations in potency did not 
occur; in fact the dodeca-, a noncontracture produc- 
ing compound, was more potent than the most po- 
tent contracture provoking drug. 


The results of Thesleff and Unna (1) indicated a 
good correlation between production of contracture 
in the hen and enhancement of paralysis by neo- 
stigmine in the mouse. In this series, this was con- 
firmed by the combination of neostigmine and the 
decamethylene compound but not with the dode- 
camethylene or tetradecamethylene compounds; 
they stimulated no contracture yet were synergized 
by neostigmine in the mouse. 


Zaimis (9) has reported an interesting phenomenon 
regarding the activity of decamethonium which she 
regards as evidence for a dual mode of action. She 
found a decreasing sensitivity of the tibialis muscle 
of dogs to repeated doses of decamethonitm. 
Further, in association with this tachyphylaxis, the 
paralyzing effects of decamethonium were antago- 
nized by neostigmine. We were able to confirm her 
results in this regard with decamethonium. How- 
ever, the decamethylene compound (JB 373), the 
most potent drug in this series which appeared to be 
of the depolarizing type, was tested with the dog 
tibialis preparation and there was no evidence of 
tachyphylaxis or antagonism by neostigmine. 
Further, neither of these effects were noted with the 
dodecamethylene compound (JB 410), with the 
tetradecamethylene (JB 418), or with 2,5-bis(d- 
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diethylaminopropylamino) -benzoquinone-bis(benzy! 
chloride). 

At present, mode of neuromuscular blockade is 
generally divided into two presumptive classes, 
coiapetitive or tubocurarine-like, and persistent de- 
polarization or decamethonium-like. There is no 
method which can prove conclusively the exact 
mechanism of action. Comparison of the end plate 
potential of the muscle after drug administration is 
probably the most accurate estimation at the present 
time for the differentiation of mechanism of action 
(10). Other techniques have been used, however, 
which do not require such an elaborate method. 
Those which indicate a tubocurarine-like activity 
include the use of tubocurarine sensitive animals 
such as the rat, antagonism, and reversal of neuro- 
muscular block by the anticholinesterases and; of 
course, negative responses to the indications of de- 
camethonium-like activity which include potentia- 
tion of effect by the anticholinesterases, production 
of contracture in the hen, and initial fasciculation of 
muscle prior to the neuromuscular block. 

In this series, the penta- through deca-methylene 
compounds were decamethonium-like in that they 
were more active in the hen than the rat or mouse, 
produced initial fasciculations in rat muscle prior to 
block; and all gave a contracture in the hen. In 
addition, the decamethylene compound, which was 
taken as a prototype for the shorter chain members, 
was potentiated by the anticholinesterases. The 
dodeca compound was active in both the rat and 
hen, was decamethonium-like in that it was poten- 
tiated by the anticholinesterases and tubocurarine- 
like in that it produced no initial fasciculations in 
rat muscle and produced no contracture in the hen. 
The tetracecamethylene compound appeared tubo- 
curarine-like with respect io the increased sensitivity 
of rats compared to hens, the lack of contracture 
provoking properties in the hen while the neuro- 
muscular block was antagonized somewhat by the 
anticholinesterases. In addition, it produced no 
fasciculations in rat muscle. However, it was de- 
camethonium-like in regard to its potentiation by 
the anticholinesterases in mice. 

The possibility that the action was other than at 
the neuromuscular end plate was eliminated for the 
deca- and dodeca- methylene compounds by the 
classic Claude Bernard frog experiment. The con- 
clusion must be drawn then, that the compounds of 
this series represent a mixed type of action and that 
no single biological test is sufficient in itself to de- 
termine the mode of action. An examination of 
the effects of these mixed type agents on the end 
plate potentials would be of interest. 
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A Report on the Oxidative Degradation of 
Neutralized Carbopol* 


By T. W. SCHWARZ 


Neutralized Carbopol 934 gels undergo oxi- 

dative degradation when exposed to daylight. 

This reaction is probably catalyzed by trace 

metals. EDTA, various nonelectrolyte anti- 

oxidants and poly-hydroxy compounds may 
be used to retard this degradation. 


A* IMPORTANT REQUIREMENT for pharmaceu- 

tical thickening agents is viscosity retention 
on aging. Carbopol 934,' a hydrophilic colloid 
of high thickening capacity, has been described 
as an agent of outstanding viscosity stability 
(1-4). In the course of evaluating Carbopol 934 
gels in our laboratory, we have found that this 
polymer is subject to oxidative degradation. 
Carbopol 934 gels undergo a marked viscosity 
decrease at room temperature within two to three 
weeks if they are exposed to daylight. 

In this paper, the stability characteristics of 
gels made from various salts of Carbopol 934 are 
reported. Some of these gels were exposed to 
daylight while others were not. A number of 
antioxidants, polyhydroxy compounds and a che- 
lating agent were screened for their inhibitory ef- 
fect on the degradation of the polymer. Viscosity 


Tasie I.—-Tue Errect or Day.icut on THE Viscosity oF 0.7% NevuTRALIzED CARBOPOL 


. Initial 

Viscosity ,* 
in c. p. s 
57 ,600 
67 ,000 
57,200 
56 , 400 


Neutralizing Agent 
Sodium hydroxide 
Triethanolamine 
Ammonium hydroxide 
Potassium hydroxide 





® Average of eight samples of the sodium salt ‘of Carbopol; 


Exposed 
Daylight © 


and GERHARD LEVY?t 


Fifty-milliliter portions of the dispersion were placed 
in 8-ounce giass jars. The inhibitory agent, dis- 
solved or dispersed in 25 ml. of distilled water, was 
added. A sufficient amount of base in aqueous 
solution was then added to obtain a pH of 7.0 + 0.1. 
The total solution was brought up to 100 Gm. with 
distilled water. 

The jars were stored at room temperature (22 
to 25°) in daylight, but protected from direct sun- 
light. Some of the jars were wrapped in aluminum 
foil to prevent exposure to light. 

The viscosity was measured at 25° with a Brook- 
field Synchro-Lectric Viscometer, Model LVF, 
spindle No. 4 at 6 r. p. m. 


RESULTS AND DISCUSSION 


Table I shows the viscosity change of gels made 
from various salts of Carbopol 934 after 17 days of 
storage. While the gels which had been protected 
from light maintained their viscosity, the gels that 
were exposed to light—regardless of the neutralizing 
agent used—decreased in viscosity from 33% to 
51%. 

Table II represents the effect of light on the vis- 
cosity of Sodium Carbopol 934 gels in the presence 
of several antioxidants, poly-hydroxy compounds, 


934 GELS 


Viscosity after 17 days, in c. p. s.> 
to Change Not. Exp. to 
% Daylight 
58,900 
69 , 200 
59, 700 


34,100 
45,300 
28 , 000 
37,500 


—41 
—32 
—5l 
—34 





58 ,600 


four samples of the other salts. 


+ Average of four samples of the sodium salt of Carbopol; two samples of the other salts 


measurements were used for the evaluation of the 
added chemicals, since the oxidative changes 
cause a decrease in the viscosity of Carbopol 934 
gels. 


EXPERIMENTAL 


A 1.4% aqueous dispersion of the acid form of 
Carbopol 934 was prepared in a Waring Blendor. 


* Received October 10, 1957, from the University of Cali- 
fornia School of Pharmacy, San Francisco 22. 
This study was conducted in part under a contract with the 
Armed Services Medical Procurement gy! 
ae of Buffalo School of Phar- 


land, 


and the sodium salt of ethylenediamine tetraacetic 
acid. All of these agents had some stabilizing ef- 
fect. In the presence of EDTA no viscosity de- 
crease occurred during storage, which suggests that 
trace metals act as catalysts in the oxidative deg- 
radation of Carbopol 934. The lower initial vis- 
cosity of the gels containing EDTA is due to the 
ionic deswelling which occurs when electrolytes 
are added to neutralized Carbopol 934 (1, 2). This 
incompatibility of the polymer with electrolytes 
prevents the use of ionic antioxidants such as so- 
dium bisulfite. Nordihydroguaiaretic acid, propy] 
gallate, and ethyl hydrocaffeate had to be discarded 
as antioxidants since these compounds undergo a 
pronounced color change in the solutions of neu- 
tralized Carbopol 934. 
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Tassie II. 


Stabilizing Agent A 
Butylated Hydroxyanisole® 0.05 
Monothioglycerol* 0.5 
Thiourea 0.5 
Ethanol 95% 10.0 
Glycerin 10.0 
Propylene Glycol 10.0 
EDTA 0.054 
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Tue Errect oF DayLIGH1 ON THE Viscosrry oF 0.7% Soprum Carsopo. 934 GELS IN THE 
PRESENCE OF STABILIZING AGENTS* 











Viscosity, 
ine P. s., 
after 17 days 
Exposure to 
Daylight 
53,800 
54, 100 


49 , 500 
55,600 
53 ,200 
42,000 





* Average of two samples 
© “Thiovanol,’’ Evans Chemetics, Inc., New York. N. ¥ 


The results of this study show that pharmaceuti- 
cal products containing neutralized Carbopol 934 
as the thickening agent undergo significant vis- 
cusity breakdown when exposed to light. Such 
products must either be packaged in light-resistant 
containers or they must contain suitable stabilizing 
agents. 


> “Sustane,’’ Universal Oil Products Co., Chicago, Il. 
4 In terms of the acid form. 
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The Formation and Structure of the Iron Salt of 


Benzyl Penicillin Procaine Using Infrared 
Spectroscopy” 


By HERMAN A. SZYMANSKI and NICHOLAS PANZICA 


T= FORMATION of coordination compounds 

may be studied using infrared spectroscopy. 
Valuable structural details may be obtained by 
analysis of the absorption bands produced by 
compound formation. This study was initiated 
to study the type of bonding and structure which 
is introduced when the metal iron is coordinated 
with benzy! penicillin procaine. Since this lab- 
oratory was also studying other simple coordina- 
tion compounds, the results could be 
preted using the analysis suggested by 
simple structures. 

EXPERIMENTAL 


inter- 
these 


Iron chloride solution was prepared by adding the 
reagent to anhydrous ethyl ether until a saturated 
solution was produced. Anhydrous sodium sulfate 
was added and the solution was mixed well and then 
centrifuged. Water content was checked using 
the Karl Fischer method (1). Iron content was 


. Received November 6, 1957, from Canisius College, 
a Department, Buffalo 8, N. ¥. 
yg in ont by a grant from the Research Corpora 
tion, York, 


determined by the 1,10 orthophenanthroline method 
(2). This solution was then stored in a tightly 
stoppered bottle containing a small amount of 
anhydrous sodium sulfate. 

Benzyl penicillin procaine was obtained from the 
Charles Pfizer Company, Groton, Conn., and stand- 
ardized at the Arner Company, Inc., Buffalo, 
N. Y. Microbiological assay was made using the 
method suggested in the Federal Register (3). 

Benzyl Penicillin Procaine Iron.—This was pre- 
pared by several methods, the most successful of 
which was by dissolving the procaine in chloroform 
and adding ferric chloride solution described pre- 
viously. Low temperature increased the yield. 
Ether was then added to form a precipitate and 
followed by filtration and washing with ether. 
Iron content, antibiotic activity relative to the 
starting material, melting point, and infrared spectra 
were then determined. The product was then re- 
dissolved in methyl alcohol and precipitated again, 
using ether, and the physical properties rechecked. 
The best analysis yielded an iron content of 4.3%, 
m. p. of 140—144°, and antibiotic acitivity of 105%. 

Apparatus.—The infrared spectra were deter- 
mined on a Baird-Atomic double beam model AB-2 
spectrophotometer. Spectra were run in potassium 
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bromide pellets, as mulls, and in several solvents. 

Discussion of results.—The iron salt of benzyl 
penicillin sodium has been prepared and analyzed 
by Jadassohn (4). The iron analysis suggested the 
possibility of three moles of penicillin coordinating 
with one mole of iron. Calculations for the com- 
pound prepared in this work indicated that an iron 
content of 4.27% would be the theoretical per cent. 
This compares favorably with the 4.30% obtained 
for this compound. 

The absorption at 5.6 » for penicillin compounds 
has been correlated with antibiotic activity (5), a 
strong absorption indicating large activity. Figure 
1 is the spectrum of the coordination compound and 
the high absorption at 5.6 » agrees with the strong 
antibiotic activity of this compound. 

The analysis of this spectrum has suggested that 
the peaks at 5.93, 7.87, and 8.50 indicate the pro- 
caine portion of the molecule and may be compared 
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band shifts on coordination compound formation, 
suggesting the iron may be forming an iron penicillin- 
ate. 

The doublet at 4.0 uw in the coordination com- 
pound has been under intensive study by this group 
since we have obtained this same band with tertiary 
amine compounds of arsenic and antimony tri- 
chlorides. The same doublet appears in procaine 
hydrogen chloride and amine hydrochloride salts 
which have been determined in this laboratory. 
These results therefore suggest that the iron has 
produced a linkage of the type (R-NH,);—Fe in 
this compound as a secondary linkage. The pri- 
mary linkage being a bond between the iron and the 
acid group in the penicillin forming a penicillinate. 
Scale models of this proposed structure indicate the 
geometry would be satisfied by this structure. 

Bands at 6.0 and 6.6 generally indicate mono- 
substituted amides while disubstituted amides show 








Infrared spectrum of the iron salt of benzyl penicillin procaine in potassium bromide. 
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Fig. 2. 


to those obtained for procaine hydrochloride and 
benzyl! penicillin procaine (Figs. 2 and 3). 

The 6.2 » band in Fig. 3 is probably made up of 
the carboxylate C=O, pheny! group absorption and 
an absorption due to the procaine molecule, This 


Infrared spectrum of procaine hydrochloride in potassium bromide. 


bands only at 6.0. In benzyl penicillin procaine as 
well as its iron compound, no 6.6 band occurs al- 
though most penicillins are monosubstituted amides. 
It is suggested that this band is missing due to hy- 
drogen bond formation between the N-H normally 
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Fig. 3.—Infrared spectrum of benzyl! penicillin procaine. 


causing this absorption at 6.6 yw, and the carbonyl 
oxygen in the ester group of the procaine molecule. 
Similarly, the nonexistence of this peak in the iron 
salt suggests the procaine part of the molecule has 
not been disturbed by the iron coordination. 


CONCLUSIONS 


The ability to coordinate the spectra of simple 
compounds of similar structure to more complex 
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Fig. 4. 


ones, such as the compound reported here, has 
made it possible to assign a structure to the com- 
pound. 

It is intended to further use this technique on 
other complex salts. An attempt was made to 
obtain the cobalt salt of benzyl penicillin pro- 
caine. The resulting material showed no anti- 
biotic activity and its spectra suggested some 
breakdown had occurred. The spectra is shown 
in Fig. 4. The absence of a peak at 5.75 uw 


which is present in the spectra of benzyl penicillin 
procaine and its iron salt suggests that this com- 
plex has broken down, although the doublet at 
4.0 uw is still present, suggesting some type of 
salt structure is present. Spectra of salts using 
ferrous iron and ferric salts of benzyl penicillin 
potassium are ill-defined and suggest considerable 
impurity present. This work will be continued 
and results will be reported in a later issue. 


Infrared spectrum of benzyl penicillin procaine : Co. 
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The Pharmacology of Some 
New Cycloéctylalkylamines I." 


Vasopressor Activity and the Effect on the Heart Rate 


By RAYMOND J. KAHL, WILLIAM E. JOHNSON, and DAVID W. O’DAY 


Cardiovascular responses to four new - gg yo enn have ove ae determined 


using dogs as the experimental 


ylamine, N-methyl- -B-cyc 
I homologs, Clopane® 
parison. 
ressor agents than Clopane 
ydrochloride. 
This increase ran 
four minutes. 
about the same as that of 


from m 


lopane and 


a N-methyl- 1 1 lam lth ow el. 
-methy!-8-cyclodéctylisopropylamine i i 
structural and aioe. Epnepbe 


compounds were §-cyclo- 


clotetlisop — 


used as ot vane wg oa 


The new compounds were found to be of somewhat less active as vaso- 


when compared with oe pene 


All four gn ot showed an increase in rate. 

to rather marked and was sustained for at least 

vasodepressor activity of the new compounds was found to be 
Benzedrex when 


these compounds were in- 


jected following the administration of the adrenergic blocking agent Dibenamine.® 


Sect the appearance on the market of two 
cycloalkylalkylamines, namely, cyclopenta- 
mine, Clopane, containing a five-membered ring, 
and propylhexedrine, Benzedrex, containing a six- 
membered ring, an attempt has been made to 
further correlate cycloaliphatic ring size with 
sympathomimetic activity. McCarthy and 
Brown (1) prepared four compounds containing 
the seven-membered ring with the ethylamine 
and isopropylamine side chain and their respec- 
tive N-methyl homologs. The pharmacological 
evaluation of these compounds is not yet avail- 
able. 

We are reporting herewith the first of a series 
of papers on the pharmacological evaluation of 
four new amines (2) containing the eight-mem- 
bered ring with two and three-carbon side chains: 
ethylamine (D), N-methylethylamine (E), Iso- 
propylamine (F), and N-methylisopropylamine 
(G). 


| 


D, R=R’'=H 


CH;—-CH—R 


NH—R’ E, R=H, R’=CH; 
F, R=CH;, R’=H 
G, R=R’=CH; 


The work herein described dealt with the vaso- 
pressor activity of these cycloéctylalkylamines be- 
fore and after the administration of the adrenergic 
blocking agent Dibenamine. The change in 
heart rate affected by the intravenous adminis- 
tration of these compounds was also recorded. 


* Received April 17, 1956, from the College of Pharmacy, 
University of Rg omy Laramie 
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The authors are indebted to Smith, Kline and French 
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to Eli Lilly Company of Indianapolis, Ind_., for the Clopane® 
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EXPERIMENTAL 


Dogs that ranged from 6.6 to 16.4 Kg. in body 
weight and of random sex were used for blood pres- 
sure, respiration, and cardiac rate recordings. The 
animals were anesthetized with 45 mg./Kzg. of 
intraperitoneal pentobarbital sodium. A total of 8 
male and 15 female dogs were used in the determina- 
tion of pressor responses to the new compounds and 
to the selected standards. Heart rate recordings 
were obtained on a total of 7 dogs. 

Each anesthetized animal was secured to the op- 
erating table in a supine position. The trachea and 
left common carotid artery were exposed through a 
midline cervical incision. A cannula was inserted 
into the trachea and connected directly to an air 
tambour to record respiratory movements. A glass 
arterial cannula was secured in the exposed common 
carotid artery, and connected directly to a mercury 
manometer by means of a polyethylene tube that 
was filled with a 10% sodium citrate solution. The 
solution acted as an anticoagulant to prevent the 
formation of blood clots in the cannula. All the 
intravenous administrations were made through a 
cannula which was secured in the femoral vein. 
The compounds were washed into the circulation 
with 5 ml. of normal saline solution from a buret 
that was connected to this cannula. The heart rate 
was determined by means of a stethoscope and was 
recorded on a rapidly turning kymograph drum. 

Epinephrine HCI in doses of 0.01 mg./Kg. was 
selected as a primary standard for comparison. It 
was administered at the beginning and at the end 
of each experiment to ascertain the reactivity of the 
animal. Clopane and Benzedrex were used as 
additional standards for comparison. They were 
administered in doses of 1.0 mg./Kg. calculated on 
the basis of the hydrochloride salt. The new 
amines were given in doses of 1.0 mg./Kg. calcu- 
lated on the basis of the free amine but were ad- 
ministered as the hydrochloride salt. 

Dibenamine in doses of 15 mg./Kg. was used as a 
sympathetic blocking agent to determine if the vaso- 
pressor activity of the new compounds could be 
reversed by such an agent. After the administra- 
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tion of Dibenamine, forty-five to sixty minutes were 
allowed to elapse before the injection of this amine. 
This procedure permitted sufficient time for a sym- 
pathetic blockade to be established. 

In all cases the blood pressure was allowed to 
return to a constant level before another test com- 
pound was administered. This level of blood pres- 
sure corresponded favorably to the normal blood 
pressure of the animal. 


RESULTS AND DISCUSSION 


Table I contains the pressor responses, showing 
the elevations in pressure, as expressed in mm. of 
Hg, that were produced in dogs by the intravenous 
administration of the new compounds and the stand- 
ards. It should be noted that all the compounds 
tested were less than 0.0072 times as active as pressor 
agents as was epinephrine HCI under the conditions 
of the experiments. The pressor activity of these 
compounds shows that they decrease in potency in 
the following order: epinephrine HCl, Clopane 
HCl, Benzedrex HCl, N-methyl-8-cycloéctyliso- 
propylamine, §-cycloéctylethylamine, N-methyl-s- 
cycloéctylethylamine, and §-cycloéctylisopropyla- 
mine. Figure 1 shows kymograph recordings of 


typical pressor responses that were produced on 
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Fig. 1.—-Typical pressor responses produced on 
dogs by the intravenous injection of the hydro- 
chloride salt of the following compounds: A = 
Epinephrine HCl, 0.01 mg./Kg.; B = Clopane 
HCl, 1.0 mg./Kg.; C = Benzedrex HCl, 17 
Kg.; D= 8-cyclodctylethylamine HCl, 1.0 m 
Kg.; E = N-methyl-8-cycloéctylethylamine He, 
1.0 mg./Kg.; F = 8-cycloéctylisopropylamine HCl, 
1.0 mg./Kg.; and G = N-methyl-6-cycloéctyl- 
isopropylamine. Each division on the vertical 
scale equals 10 mm. of Hg, and each division on the 
horizontal scale is equivalent to one minute of 


elapsed time. 
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dogs by the intravenous administration of these 
compounds. 

Clopane usually produced the most prolonged 
pressor responses. The duration of activity of the 
remaining compounds decreased in the following 
order: N-methyl]-8-cycloéctylisopropylamine, Ben- 
zedrex, §-cycloéctylisopropylamine, 8-cycloéctyl- 
ethylamine, N-methyl-8-cycloéctylethylamine, and 
epinephrine HCl. Table II contains the individual 
and average readings for the duration of pressor 
action on each animal. The table also presents 
averages for each drug when tested on a number of 
animals. 

Intravenous admiaistration of Dibenamine HCl 
reversed the pressor action of all the new com- 
pounds and the standards. This particular phase 
of the evaluation was performed on a limited num- 
ber of animals, and only a qualitative determina- 
tion can be reported. Figure 2 contains kymo- 
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Fig. 2.—Typical depressor responses produced on 
dogs by the intravenous injection of the hydrochlo- 
ride salt of the following compounds after the 
administration of the adrenergic blocking t 
Dibenamine. A = Epinephrine HCI, 0.01 mg. 

B = Clopane HCl, 1.0 mg./Kg., C = 

, 10 mg/Kg. D = §-cycloéctylethylamine 
HCl, 1.0 mg./Kg. E = N-methyl-8-cycloéctylethyl- 
amine HCl, 1.0mg./Kg., F = 8-cycloéctylisopropyl- 
amine HCl, 1.0 mg./Kg., and G = N-methyl-s- 
cycloéctylisopropylamine. Each division on the 
vertical scale equals 10 mm. of Hg, and each divi- 
sion of the horizontal scale is equivalent to one 
minute of elapsed time. 


graph recordings of depressor responses that were 
obtained by the administration of the test com- 
pounds after the administration of Dibenamine 
HCl. 

Respiratory responses to the 1.0 mg./Kg. doses 
of the new compounds were not uniform. Only 
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minor variations in the respiratory rate and ampli- 
tude could be detected. 

The figures in Table I reveal a striking difference 
in the tachyphylaxis produced by the cycloédctyl- 
alkylamines when compared with Clopane and 
Benzedrex. The inability of subsequent doses to 
produce a response approximating the initial pressor 
reaction was much more pronounced in the case of 
Clopane and Benzedrex. 


























Fig. 3.—Changes in heart rate produced on dogs 
by the intravenous injection of the standards and 
the cycloéctylalkylamines. The dose in each case 
was 1.0 mg./Kg., except epinephrine HCl _ 
was 0.01 mg./Kg. A = Epinephrine HCl, = 
Clopane HCl, C = Benzedrex, D = poe Riri 
ethylamine, E = N-methyl-8-cycloéctylethylamine, 
F = £§-cycloéctylisopropylamine, and G = N- 
methyl-8-cycloéctylisopropylamine. The horizontal 
lines across the figure represent the normal heart 
rate in each case. Displacement of the curves above 
and below these lines represent an increase or de- 
crease in heart rate respectively. Each division on 
the vertical scale represents a change in heart rate 
of 5 beats per minute. Each division on the hori- 
zontal scale at the bottom of the figure equals an 
elapsed time of thirty seconds. 
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Heart rate changes that resulted from the ad- 
ministration of the evaluated compounds are 
graphically presented in Fig. 3. 8-Cycloéctyl- 
ethylamine was found to be the most potent cardiac 
accelerator of the new compounds. Clopane and 
Benzedrex were slightly less potent. The remaining 
three cycloéctylalkylamines were considerably less 
active than any of the other compounds that were 
tested. 


SUMMARY 


1. Certain cardiovascular responses to four 
recently synthesized sympathomimetic amines 
(N-methyl-8-cycloéctylethylamine, 8-cycloéctyl- 
ethylamine, N-methyl-8-cycloéctylisopropyl- 
amine, and §-cycloéctylisopropylamine) have 
been evaluated on dogs. Epinephrine HCl, 
Clopane HCl, and Benzedrex HC! were used as 
standards for comparison. 

2. The compounds can be listed in order of 
decreasing pressor potency as epinephrine HCl, 
Clopane HCl, Benzedrex HCl, N-methyl-6- 
cycloéctylisopropylamine, 8-cycloéctylethyl- 
amine, N-methyl-8-cycloéctylethylamine, and 8- 
cycloéctylisopropylamine. 

3. When listed in order of decreasing duration 
of action, the compounds are arranged as Clo- 
pane HC!, N-methyl-8-cycloéctylisopropylamine, 
Benzedrex HCl, 8-cycloéctylisopropylamine, B- 
cycloéctylethylamine, N-methyl-8-cycloéctyl- 
ethylamine, and epinephrine HCl. 

4. The sympathetic blocking agent, Diben- 
amine HCl, reversed the pressor action of all the 
new compounds and the standards. 

5. The new compounds produced no signifi- 
cant changes in respiratory rate and amplitude 
in the 1.0 mg./Kg. doses that were used. 

6. The new compounds produced consider- 
ably less tachyphylactic effect on blood pressure 
than did Clopane HCl and Benzedrex HCl. 

7. In 1.0 mg./Kg. doses the compounds pro- 
duced cardiac accelerator activity in the follow 
ing order of decreasing potency: §-cycloédctyl- 
ethylamine, Clopane and Benzedrex, N- 
methyl-8-cycloéctylethylamine, N-methyl-6-cy- 
cloéctylisopropylamine, and 8-cycloéctylisopropyl- 
amine. In 0.01 mg./Kg. doses epinephrine HCl 
was about equal in cardio-accelerator potency to 
the 1.0 mg./Kg. doses of Clopane and Benzedrex. 


REFERENCES 


3, 00186) W. C., and Brown, T. H., Turs Journat, 
4 

(2) McCarthy, W. C., and Kahl, R. J., J. Org. Chem., 21, 
985(1956). 





Tragacanth Solutions I. 


The Relation of Method of Preparation to the Viscosity and Stability* 


By GERHARD LEVY? and T. W. SCHWARZ 


Various factors which influence the viscosity of tragacanth solutions are discussed. 


The effects of homogenization and heat on solutions of the gum are 
degree of initial hydration 


The 


of the gum is related to the viscosity changes that occur 
oe ing aging. This viscosity any Sons first increase and then decrease, or it may solely 


ies of the viscosity chan, ages 


= show that the magnitude of such 


es that occur over relatively long periods of 
anges may be predicted ree. Ls sipev which 


are outlined in this paper. 


Tnacacanrn is the dried gummy exudation 

from Asiatic species of Astralagus (Fam. 
Leguminosae). It is a hydrophilic colloid of 
carbohydrate nature (1, 2). One of the oldest 
gums known to man, it was described by Theo- 
phrastus several centuries before Christ; and it 
has been official in every edition of the United 
States Pharmacopeia since 1820. 

Tragacanth has a long history and even today 
it is one of the most important gums used in 
pharmacy. It is employed as a thickening, sus- 
pending, and stabilizing agent in jellies, water- 
soluble ointments, emulsions, suspensions, and 
mucilages. It is used in ephedrine sulfate jelly 
N. F. X, in methylrosaniline chloride jelly, N. F. 
IX, in thimerosal jelly N. F. [X, and in a large 
number of nonofficial products. The fact that 
six out of the seven contraceptive jellies listed 
in New and Nonofficial Remedies 1955! include 
tragacanth as a thickening agent, is an indication 
of its wide acceptance in industry. The present- 
day importance of the gum is evidenced by two 
recent reports from the laboratories of major 
pharmaceutical houses (3, 4) which use it as the 
thickening and suspending agent in new drug for- 
mulations. 

Despite the time-tested qualities of tragacanth, 
it shares some of the disadvantages inherent in 
the use of all natural gums. It is a relatively 
crude natural product, whose chemical constitu- 
tion and thickening capacity are influenced by 
climatic changes and methods of harvesting. 
Consequently, products that contain tragacanth 
as the thickening agent may vary in consistency 
and in aging characteristics (5-10). 

Numerous investigators have reported that the 
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viscosity of tragacanth solutions is influenced by 
the method of preparation, pH, and storage tem- 
perature. The gum appears to be composed of 
two different constituents, one soluble in water, 
the other swelling but not dissolving in’ water 
(11). Many investigators found that the vis- 
cosity of mp sree solutions increases markedly 
with time (1, 7-10, 12). Chambers (13) attrib- 
uted this dueneiey increase to a slow process of 
hydration. He regarded a recently prepared 
solution as being only partially hydrated, consist- 
ing of incompletely hydrated globules, which may 
be likened to the discontinuous phase of a two- 
phase system dispersed in a continuous phase of 
dissolved and hydrated material. In time, some 
of the swollen particles of the discontinuous phase 
go into solution, while the already dissolved gum 
slowly undergoes degradation (14). 

The two processes, hydration and degradation, 
which occur simultaneously during aging, result 
in viscosity changes that have been difficult to 
predict and which have made the commercial 
preparation of tragacanth solutions with uniform 
properties a somewhat specialized and empirical 
endeavor. 

Since most freshly prepared tragacanth solu- 
tions are only partially hydrated, their viscosity 
will rise as hydration proceeds. When the 
“depot” of nonhydrated gum is exhausted, no 
further viscosity increase will occur. Simul- 
taneously, the hydrated gum undergoes degrada- 
tion. As more gum goes in solution, it too un- 
dergoes degradation. Thus the viscosity de- 
crease due to breakdown gradually exceeds the 
viscosity increase due to continuing hydration. 
When the rate of hydration equals that of de- 
gradation, the viscosity of the solution remains 
constant; and during this phase of the aging 
process the viscosity will be at its maximum. 
After tragacanth is fully hydrated, the viscosity 
begins to decrease markedly because the con- 
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tinuing degradation of the gum is no longer offset 
by further hydration. 

This study was undertaken to attempt the 
evaluation of the factors that contribute to the 
hydration as well as to the degradation of traga- 
canth in aqueous solution. Solutions in which 
the gum is completely hydrated yet little decom- 
posed should exhibit the highest viscosity. Thus, 
if the degree of hydration could be regulated with- 
out causing simultaneous degradation, it should 
be possible to prepare solutions in which the fol- 
lowing properties may be controlled and ad- 
justed to the specific requirements of the product: 
(a) initial viscosity; (+) maximum viscosity 
which the preparation will attain; (c) the time 
at which the viscosity is fairly constant: whether 
initially, or after varying periods of storage; (d) 
the length of time during which a minimum 
effective viscosity is maintained. 

These properties are of great importance in 
pharmaceutical formulation. For this reason, 
the investigation aimed at developing a method 
for obtaining maximum hydration of tragacanth 
with little or no simultaneous degradation. Two 
main approaches were followed: homogenization 
(mechanical treatment) and application of heat. 

In addition, accelerated aging tests were carried 
out on tragacanth solutions prepared by dif- 
ferent methods in order to obtain further knowl- 
edge about the effect of such procedures on the 
long-term viscosity changes of the gum. 


EXPERIMENTAL 


Preparation of Samples.—All samples were pre- 
pared with tragacanth gum, U. §. P. ribbon No. 1. 
The solutions were prepared by adding the gum to 
200-ml. portions of preserved water (methylparaben, 
U. S. P., 0.1%, propylparaben, U. S. P., 0.025%, 
distilled water g. s.) contained in an eight-ounce 
wide-mouth glass jar. The samples were then 
agitated by a mechanical shaker for twenty-four 
hours. 

Viscosity Measurement.—Samples of the traga- 
canth solutions were placed in 50-ml. centrifuge 
tubes and occluded air was removed by centrifuga- 
tion at 2,000 r. p. m. for ten minutes. The samples 
were then brought to a temperature of 25° + 0.5° 
in a constant-temperature bath. The viscosity was 
determined with the Brookfield Synchro-Lectric 
Viscometer, Model LVF, using spindle No. 4 at 
6r. p.m. Readings were taken after ten minutes 
of spindle rotation. 

Homogenization._-Homogenizations were carried 
out with a single-piston hand homogenizer* or with 
a Charlotte Colloid Mill, Model A. The clearing 
in each piece of equipment was kept coastant: the 
nozzle on the hand homogenizer was kept one turn 
short of being completely tightened and the clear- 
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ance on the colloid mill was adjusted to 0.0025 
inches. 

Stability Test.—Stability tests were made by 
storing the samples in eight-ounce glass jars at a 
temperature of 50° + 1°. Samples were removed 
periodically and their viscusity was determined 
after storing for twenty-four hours in a water bath 
at 25°. 

All experiments were carried out in duplicate and 
the data in the graphs are average values. 


RESULTS AND DISCUSSION 


The Effect of Homogenization.—A 1.5% traga- 
canth solution prepared two days earlier was passed 
repeatedly through a hand homogenizer. Samples 
were collected after each passage and the viscosity 
of these samples was determined after twenty-four 
hours, as previously described. 

Another solution of 1.5% tragacanth was passed 
repeatedly through a colloid mill. Samples were 
collected after each passage and their viscosity was 
determined twenty-four hours later. The results 
are shown in Fig. 1. 
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Fig. 1.—The effect of homogenization on the vis- 
cosity of a 1.5% tragacanth solution. 


The graph indicates the viscosity increase of the 
tragacanth solutions as a result of homogenization. 
Both solutions eventually reached the same vis- 
cosity plateau, where additional passages through 
the hand homogenizer or the colloid mill caused no 
further viscosity change. It is significant that the 
solution which was passed through the hand ho- 
mogenizer reached a viscosity peak before attaining 
the constant lower viscosity level. 

The effect of homogenization in increasing the 
viscosity of tragacanth solutions has been previously 
reported (13, 15) but as far as the authors could 
establish, this is the first instance in which the at- 
tainment of a viscosity plateau after repeated ho- 
mogenizations is described. 

It is important to note that the solution which 
underwent treatment with a hand homogenizer 
reached the same viscosity plateau as the solution 
which was subjected to shear by the colloid mill. 

The homogenization of tragacanth solutions 
causes a reduction in the size of the dispersed 
globules of partially hydrated gum. The increased 
surface area exposed to the water brings about a 
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greater hydration of the gum and as a result the 
viscosity of the solution is increased. It has been 
found previously and follows from basic concepts of 
colloid chemistry that, for example, milk and clay 
suspensions increase in viscosity as a result of ho- 
mogenization. Philippoff (16) attributes this effect to 
a better solvation of the particles as a consequence 
of particle size reduction. It is likely that the same 
considerations apply to the effects of the homogeni- 
zation of tragacanth solutions. 

The presence of the hump in the viscosity curve 
of the solution which was passed through the hand 
homogenizer introduces an interesting problem of 
interpretation on the nature of the internal struc- 
ture of tragacanth solutions. Philippoff (16) states 
that mechanical treatment of gel-forming substances 
may cause a decrease in their viscosity. Such a de- 
crease may be partly reversible and partly irrevers- 
ible. He distinguishes between “‘labile’’ structural 
viscosity and ‘‘stable’’ structural viscosity. The 
former is sensitive to mechanical treatment while 
the latter is not. 

The hump, which is evident in the viscosity curve 
of the solution which was passed through the hand 
homogenizer, may be an indication of “labile” 
structural viscosity. Several passages through the 
hand homogenizer were required to completely de- 
stroy this ‘‘labile’” component. On the other hand, 
the absence of the viscosity hump in the solution 
which was passed through the colloid mill may be 
attributed to the much more severe mechanical 
treatment which that solution underwent. Evi- 
dently, the labile component was completely de- 
stroyed by the first passage through the colloid mill. 

Considering the chemical nature of tragacanth, a 
compound of high molecular weight containing many 
polar groups, it is possible that mechanical treat- 
ment may cause a rupture of hydrogen-bonds which 
bind the gum molecules to each other. Once such 
bonds are broken, water molecules may replace gum 
molecules so that individual gum molecules are 
bound to water alone instead of to each other. 
After the ‘“‘labile” viscosity component was thus 
destroyed, only the “stable” viscosity component 
remained, which apparently is not affected by the 
mechanical treatment and which accounts for the 
viscosity plateau. 

The Effect of Heat.—The effect of subjecting 
tragacanth solutions to graded amounts of heat in 
the course of their preparation is shown in Fig. 2. 
In this experiment, beakers containing 200 ml. of 
preserved water were placed in a boiling water bath. 
When the preserved water began to boil, the trag- 
acanth was added and the solution was agitated 
with an electric stirrer. After boiling the solutions 
for the indicated periods, they were removed from 
the water bath and permitted to come to room tem- 
perature. The water lost by evaporation was then 
replaced, the solutions were agitated in a mechanical 
shaker for two hours, and placed in a water bath at 
25°. On the next day, the viscosity of the solutions 
was determined in the usual manner. 

The graph shows that boiling for periods longer 
than fifteen minutes caused a considerable decrease 
in the viscosity of the solutions, which indicates more 
pronounced degradation than hydration. Since 
at least thirty minutes of boiling were required to 
dissolve the tragacanth ribbons, it is obvious that 
the application of sufficient heat to expedite solu- 
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tion results in considerabie degradation of the gum. 

Tragacanth solutions subjected to graded amounts 
of heat were repeatedly passed through the hand 
homogenizer as previously described. Their vis- 
cosity was determined after cach homogenization. 
The results are presented in Fig. 3. The solutions 
that had been heated for the longest period of time 
had the lowest viscosity plateau. Their initial 
viscosity hump also became less evident and dis- 
appeared entirely in the sample that was heated for 
sixty minutes. 
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Fig. 2.—The effect of heat (100°) used in the prep- 
aration of 1.5% tragacanth solutions on their 
viscosity. 





These observations illustrate the effect of heat 
on both the “‘labile’’ and ‘‘stable” structural viscos- 
ity of tragacanth. Heat has probably three effects: 
it causes degradation of the gum, it ruptures hydro- 
gen bonds, and it increases the rate of hydration of 
tragacanth. Obviously, the lowering of the vis- 
cosity plateaus in the heat-treated solutions reflects 
the known chemical degradation of the gum by heat. 
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Fig. 3.—The effects of heat and homogenization 


on the viscosity of 1.5% tragacanth ions. 
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Gralen and Karrholm (14) were able to show this 
degradation by determining the average molecular 
weight of tragacanth in solution before and after 
boiling. They report an average molecular weight 
change from 840,000 to 559,000 in the samples 
which they had boiled for thirty minutes. After 
boiling a tragacanth solution for three hundred and 
thirty minutes, the average molecular weight was 
reduced to 350,000. 

The rupture of hydrogen bonds between gum 
molecules by heat is probably responsible for the de- 
creasing prominence of the viscosity hump. 

Some reports appearing in the literature state 
that short periods of boiling, usually two to fifteen 
minutes, increase the viscosity of tragacanth solu- 
tions (14-16). These are examples of the use of 
heat to increase the rate of hydration. It is quite 
probable that small increments of heat may pro- 
mote the hydration of tragacanth while having only 
a negligible degradative effect. However, a num- 
ber of variables must be taken into consideration 
here, such as the amount of heat applied, the ratio 
of hydrated to unhydrated gum at the time heating 
was instituted, and the volume of the solution. 
Such variables account for the almost unpredictable 
effect of heat on tragacanth solutions. 

At least one investigator (17) concluded that the 
application of heat to tragacanth mucilage to in- 
crease viscosity must be rejected. 

The Effect of Aging.—-The mechanism of the vis- 
cosity changes which tragacanth solutions undergo 
during aging was discussed in the beginning of this 
paper. Figure 4 shows the viscosity curve for ho- 
mogenized, nonhomogenized, and ‘“‘half-homogen- 
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Fig. 4—The effect of homogenization on the 
aging characteristics of 1.5% tragacanth solutions 
(storage temperature 50°). 


ized”’ solutions of tragacanth which were kept at 
50°. The homogenized solution was passed twice 
through a hand homogenizer to reach the viscosity 
peak. The “half-homogenized” solution was made 
by mixing in a large jar equal parts of homogenized 
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and nonhomogenized gum. The graph indicates 
that the viscosity of the homogenized solution, 
after a very small initial increase, showed very little 
change for about two weeks. After twenty-one 
days, the viscosity began to decrease rapid!y. Since 
the initial viscosity cf the solution showe: very little 
further increase, it can be assumed that the gum 
was almost completely hydrated by homogenization. 

The viscosity of the nonhomogenized gum in- 
creased with time as expected. It reached a maxi- 
mum in thirty-one days at 50°. From then on the 
viscosity began to decrease. 

The “‘half-homogenized” solution illustrates how 
controlied partial homogenization may be used to 
obtain intermediate viscosity effects. The magni- 
tude of the viscosity changes that occurred in the 
test period was much smaller with the “‘half-homoge- 
nized” gum than with the other two solutions. 

These observations suggest that methods for pre- 
paring aqueous tragacanth solutions may be speci- 
fically designed to obtain products of different sta- 
bility characteristics. 

Solutions intended for relatively short storage 
periods may be completely homogenized. Such 
solutions will show no significant viscosity gain and 
little viscosity decrease for some time. 

Solutions intended for long periods of storage may 
be prepared by dissolving the tragacanth in cold 
water without subsequent homogenization. Such 
solutions increase in viscosity on aging. A vis- 
cosity drop occurs only after relatively long periods 
of time. The approximate maximum viscosity 


which such solutions can reach, may be predicted 
by homogenization of a sample. 
Solutions intended for intermediate periods of 


storage may be partially homogenized. The vis- 
cosity changes of such solutions may be regulated by 
varying the ratio of homogenized to nonhomogenized 
gum in accordance with previously stated consider- 
ations. 
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The Role of Residual Calcium in the Viscosity 
Changes of Sodium Alginate Solutions” 


GERHARD LEVY} and T. W. SCHWARZ 


The marked viscosity increase of most sodium 


alginate solutions after freezing got 


thawing is due to and proportional to the amount of residual calcium —. 

rheological character of such solutions is also altered as a result of — Se- 

questering agents and polyols affect pao initial viscosity and modify the of 
reezing. 


T= AUTHORS have recently reported (1) that 

solutions of a type of sodium alginate exhibit 
a marked viscosity increase after freezing and 
thawing. This behavior, which is apparent in 
most commercial types of sodium alginate, was 
found to be absent in highly purified material, 
which had a very low calcium content (2). This 
report presents the results of an investigation of 
the role of residual calcium in the viscosity 
changes of sodium alginate solutions, especially 
after freezing and thawing. 

The major manufacturing processes for sodium 
alginate involve the precipitation of calcium al- 
ginate by addition of a soluble calcium salt such 
as calcium chloride to the crude algin. The cal- 
cium alginate is subsequently converted to al- 
ginic acid and then to sodium alginate (3, 4). The 
sodium alginate of commerce contains varying 
amounts of residual calcium, depending, among 
other factors, on the number of washings of the 
alginate with hydrochloric acid solution and the 
origin of the kelp. Since the severity of the ex- 
traction process required to obtain highly purified 
sodium alginate reduces the thickening capacity 
and increases cost, most commercial products 
contain appreciable amounts of residual calcium. 


EXPERIMENTAL 


Materials.—Five types of pharmaceutical grade 
sodium alginate obtained from three different manu- 
facturers were used in this study. Since most manu- 
facturers produce several different types of sodium 
alginate, no further reference to the source is made. 

Methylparaben and propylparaben were U. S. P. 
grade, while the remaining chemicals were of reagent 
grade. 

Preparation of Solutions.—Solutions of sodium 
Po gee were prepared by sprinkling the powder on 

80% of the required amount of preserved water 
(0.1% methylparaben and 0.025% propylparaben 
in distilled water) agitated in a Waring Blendor. 
The solutions were sheared at a definite rate for 
ten minutes, 

Any other component of the solution was dis- 
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solved in 20% of the required amount of preserved 
water and added to the sodium alginate solution. 
The samples were then placed on a mechanical 
shaker for one hour and stored for three days at 
room temperature after which the viscosity was de- 
termined. When a buffer was used, it was pre- 
dissolved in the preserved water to which the so- 
dium alginate powder was then added. 

Viscosity Determinations.—Viscosity measure- 
ments were made with the Brookfield Synchro- 
Lectric Viscometer, Model LVF. A No. 4 spindle 
was used for viscosities above 5,000 c. p. s. and a 
No. 3 spindle for viscosities less than 5,000 c. p. s. 
The measurements were made at six r. p. m. after 
ten minutes of spindle rotation on samples which 
had been adjusted to a temperature of 25° + 0.5° 
in a water bath. 

Freezing.—The solutions were stored for twenty- 
four hours in the freezing compartment of a refrig- 
erator at a temperature of —16° + 1°. They were 
permitted to thaw at room temperature for twenty- 
four hours and placed in a water bath at 25° for 
two hours before the viscosity was again determined. 

Calcium Determination..—Calcium determina- 
tions were made with a flame spectrophotometer 
similar to one described by MacIntyre (5). Cal- 
cium absorption was measured at 423 my in order 
to avoid interference by sodium. All samples were 
previously digested with sulfuric and nitric acids. 
The calcium content of sodium alginate is reported 
in terms of the dried powder. 

Loss on Drying.—The procedure used was that 
of the National Formulary, Tenth Edition, for so- 
dium alginate. 

Per cent concentration of sodium alginate is re- 
ported here, however, in terms of “‘wet” weight, i. e., 
before drying. 


RESULTS AND DISCUSSION 


Table I shows the calcium content of the various 
types of sodium alginate used in this study as well 
as the viscosity changes after freezing and thawing. 
The results indicate that the viscosity increase of 
sodium alginate solutions after freezing and thaw- 
ing is proportional to the amount of calcium pres- 
ent. 

Figure 1 represents the effect of adding increasing 
amounts of sodium ethylenediamine tetraacetic 
acid solution (pH 8.3) to a 1.3% solution of a type 
of sodium alginate containing 1.3% residual cal- 
cium? (Product A in Table I). The solution was 
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adjusted to a pH of 83 with diethylbarbiturate 
buffer of 0.1 M total concentration to maintain con- 
stant sequestering capacity. The arrow on the 
graph indicates the point at which all the calcium 
should be sequestered, as calculated on the basis of 
the assayed calcium content. 

The results show that solutions of sodium alginate 
below a minimal concentration of unsequestered cal- 
cium undergo no viscosity increase due to freezing, 
and that EDTA can be used to prevent such vis- 
cosity changes of sodium alginate solutions contain- 
ing more than the minimal amount of residual cal- 
cium. The addition of sodium citrate or sodium 
hexametaphosphate instead of EDTA produced the 
same effect. 

Figure 2 illustrates the effect of increasing con- 
centrations of calcium acetate on the viscosities of a 
2% solution of a type of sodium alginate containing 
only 0.098% residual calcium (Product E in Table 1). 
While small amounts of added calcium have prac- 
tically no effect on the viscosity before freezing, they 
cause a considerable viscosity increase after freezing 
and thawing. 

It appears that the calcium residue in sodium 
alginate is present partly as calcium alginate and 
partly in the form of soluble salts. Gomez (6) was 
able to remove part of the calcium by dialysis, indi- 
cating the presence of calcium not bound to alginate. 
On the other hand, the presence of calcium in the 
form of calcium alginate is indicated by the decrease 
in viscosity with the addition of increasing amounts 
of EDTA in sodium alginate solutions containing 
residual calcium (Fig. 1). This can only occur if the 
chelating agent substitutes sodium for the calcium 
which is bound as alginate. The result of this sub- 
stitution is a decrease in the degree of cross-linking, 
which is characteristic of calcium alginate. 

The viscosity change cannot be ascribed to an 
electroviscous effect since the concentration of 
buffer in the solution was sufficient to obliterate this 
effect. A further support for this assertion is that 
the addition of EDTA to a solution of highly puri- 
fied, unbuffered sodium alginate (0.03% Ca) caused 
no viscosity change whatsoever. 

As solutions of sodium alginate undergo freezing 
and pure ice separates from the solution, the effec- 
tive concentration of calcium present in soluble form 
is increased. The equilibrium 


2 Na alginate + Ca** =— Ca (alginate), + 2 Na* 


is shifted to the right according to the mass law. 
This increase in calcium alginate concentration 
causes a greater degree of cross-linking which, in 
turn, results in a higher viscosity of the solution. 


+ As Ca** based on dried alginate 


© Average of four samples. 
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Fig. 1.—The effect of EDTA on a 1.3% solution 
of sodium alginate containing 1.3% residual calcium. 
(Average of three samples.) 
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Fig. 2.—The effect of added calcium on a 2% 
solution of sodium alginate of low calcium content 
(0.098%). (Average of four samples.) 








June 1958 


After thawing, there is a gradual reversal to the 
previous equilibrium, but this takes place at a very 
slow rate (1). 

A further indication that the viscosity increase 
as a result of freezing is due to a concentration of 
calcium can be seen in tine effect which variation 
of freezing temperature has on the viscosity in- 
crease. A solution of sodium alginate which ex- 
hibited a viscosity increase of 94% after freezing 
at —16° had a viscosity increase of only 28% after 
freezing at —2.5°, a temperature at which less ice 
will crystallize out of solution. 

In a previous paper (1), it was shown thax the 
presence of glycerin or propylene glycol in sodium 
alginate solutions containing residual calcium re- 
sulted in a smaller or no viscosity increase after 
freezing and thawing; also, that sodium alginate 
solutions containing large amounts of added cal- 
cium salt showed a negligible viscosity change 
after freezing and thawing. In both cases there 
was an increase in the initial viscosity which made 
any effect of freezing less noticeable. The presence 
of the hydrophyllic polyols results in a partial de- 
hydration of the sodium alginate, probably fol- 
lowed by greater association of the alginate mole- 
cules with each other through hydrogen bonds. 
Furthermore, the presence of polyols lowers the freez- 
ing point and; therefore, the enrichment of cal- 
cium in the solution due to separation of ice is less 
than in the absence of polyols, provided the tem- 
perature is the same. 

In the case of scdium alginate solutions contain- 
ing large added amounts of calcium, sufficient cal- 
cium alginate is formed to give a high degree of cross- 
linking of alginate molecules. Thus freezing would 
have little or no further effect on the viscosity. 

The formation of calcium alginate in a solution of 
sodium alginate changes not only the viscosity but 
also the rheological characteristics of the solution. 
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While solutions of pure sodium alginate behave like 
pseudoplastic liquids (7), the presence of calcium 
alginate in such solutions produces a thixotropic 
systein (8). 

The freezing of sodium alginate solutions con- 
taining residual calcium causes a twofold change: 
the ratio of calcium alginate to sodium alginate is 
increased; and an essentially pseudoplastic system 
becomes markedly thixotropic. Although the 
Brookfield Viscometer does not lend itself to a 
quantitative measurement of thixotropy, it was pos- 
sible to perceive the presence of a thixotropic com- 
ponent by the decrease in the apparent viscosity as a 
result of prolonged spindle rotation. 

It should be pointed out that the marked viscosity 
increase of sodium alginate solutions, containing re- 
sidual calcium, upon freezing and thawing cannot be 
considered a thixotropic sol-gel transformation. 
Thsxotropic transition must be isothermic, yet the 
so) gel change of the solution requires freezing. 
The caange is actually a chemical transformation of 
part of the sodium alginate to calcium alginate, 
which imparts the characteristic rheological be- 
havior of the latter to the system. Any interpre- 
tation of the viscosity data reported here must take 
into account this change in rheological properties. 
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Quantitative Determination of a Series of Malonic 


Esters by Gas 


Chromatography’ 


By J. B. TEPE and H. J. WESSELMAN 


Gas chromatography offers a convenient, 

rapid, and accurate method for analyzing a 

number of malonic esters which previously 

were determined less accurately by other 
physical methods. 


F MANY YEARS, the production of malonic 

esters was controlled by means of specific 
gravity or refractive index measurements. While 
these methods are reasonably satisfactory for 
pure compounds or a binary mixture, they fail 
when applied to mixtures containing three or 
more components. 
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With the advent of gas chromatography, it 
was found highly desirable to apply this tech- 
nique as a control in the production of malonic 
esters.' Using this method, a mixture of six 
esters can be determined simultaneously. This 
technique was first introduced by James and 
Martin (1) and has been used extensively and ap- 
p’ied to a wide range of compounds. Books by 
Philiips (2) and Keulemans (3) give a very good 
discussion of the field of gas chromatography. 


EXPERIMENTAL 


Apparatus.—Gas Chromatograph.—Burrell 
Kromo-Tog, Model K-2. Column.—150 x 0.5-cm. 
ylass column with integral heating coil. Column 
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packed with 20% (w/w) Linde Silicone Oil L-46 
(12,500 Centistokes) on Celite C-44857 and operated 
at 220°. Carrier Gas.—Helium at an inlet pressure 
of 8 lb./sq. in. and atmospheric pressure at outlet. 
Flow rate 50 ml./min. Pipette-—Agla Micrometer 
Syringe, Sample size, 0.01 ce. 

Pure samples of the esters to be studied were pre- 
pared by laboratory fractional distillation. These 
samples were chromatographed on various station- 
ary phases. Of these, petrolatum, tri-m-cresyl 
phosphate, and silicone oil proved satisfactory; 
however, the relatively high temperature (220°) nec- 
essary for a good separation caused the petrolatum 
and tri-m-cresyl phosphate to gradually bleed from 
the column. The silicone column proved to be 
very stable at this temperature and more than 
3,000 samples have been analyzed with this column. 

The retention times of the pure esters were de- 
termined and a mixture of equal volumes of each 
ester was then used to calibrate the instrument be- 
fore the production lots of the various esters were 
analyzed. 

Results are easily reproduced when the operating 
conditions of the instrument remain constant. In 
routine analysis, it has proved advantageous to run 
the standard sample along with each lot of esters 
being analyzed. 


PROCEDURE 


The sample to be analyzed is injected into the 
column through a rubber diaphragm by means of a 
micrometer syringe. After the sample has passed 
through the column and the thermal conductivity 
cell, the chart is removed from the recorder and the 
amount of each component is calculated. A typi- 
cal chart for a mixture of six malonic esters is shown 
in Fig. 1 

Since the retention time for each ester is specific 
under a given set of experimental conditions, each 
ester can be determined qualitatively very easily. 
Similarly, the area under each peak is proportional 
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Fig. 1.—Retention times of six malonic esters 
using silicone column at 220°. 1—Air, 2—Diethyl 
malonate, 3—Diethyl ethyl malonate, 4—Diethyl 
diethyl malonate, 5—Diethyl isoamyl malonate, 
6—Diethyl isoamyl ethyl malonate, 7—Diethyl 
diisoamy!l malonate. Sample, 0.01 cc. 


(3). When area is used for calculation of relative 
composition with the assumption that the malonic 
esters have the same thermal conductivity, 
the equation becomes: 
Area of Individual Peak x 100 = 
Sum of Areas of All Peaks 
% Individual Component in Mixture 





Table I shows the results of three separate assays 
of the standard mixture of malonic esters. Diethyl 
diisoamyl malonate is not included in this assay as 
it is not manufactured and does not appear in chro- 
matograms of the production lots of esters. 


SUMMARY 


A mixture containing several malonic esters 
can be assayed qualitatively and quantitatively 
by means of gas chromatography. Without this 
method, the assay of such a mixture is tedious 


TasLe I.—Typicat ANALYSIS OF A STANDARD MIxtuRE oF MALonic Esters 
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to the amount of that constituent in the mixture. 
Whether this area is proportional to weight per cent 
or mole per cent is still controversial. In actual 
practice, this discrepancy can be eliminated by cali- 
brating the system, using either weight per cent or 
mole per cent. 

The areas under the peaks can be measured with a 
planimeter, by cutting out the peak and weighing, 
by coupling an integrator to the detector output, or 
by measuring the peak heights by half-bands widths 


and time consuming, 
accurate at its best. 


in addition to being in- 
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Plant Microtechnique: A Note On Rapid Tissue Dehydration* 
By ARNOLD C. NEVA 


Ee THE STUDENT and the research worker, current 
tissue microtomy in many instances presents 
sharp contrasts of methods, The standard refer- 
ence works on microtechnique largely perpetuate the 
time-consuming conventional methods of dehydra- 
tion, embedding, and mounting of tissues predom- 
inantly for descriptive studies. Conversely, and 
with noticeably greater frequency during the past 
decade, the current literature presents a variety of 
differing techniques, adaptations, improvements, 
and innovations to both operational functions and 
intent. 

Recurrent emphasis ranges from automatic sec- 
tioning and mounting (1, 2) and chelate application 
(3); to histochemical (4), and rapid one-step de- 
hydration and infiltration operations (5); and to 
dynamic bioactivity and tissue changes rather than 
the structural make-up and organization of tissues. 

Because modern microtechnique demands an ever 
increasing number of studies with a minimum of 
undesirable solvent effects, greater simplification in 
procedures is the prevailing trend. This also holds 
true for a better interpretation of structure and or- 
ganization in tissues as well. 

For example, the rapid animal tissue dehydration 
method with modified Soxhlet extractor, as reported 
by Saiki and Kling (6), sought to circumvent the 
time-consuming serial tissue transfer in graded alco- 
hol dilutions and other varients of this long used 
process. 

Without elaborating on initial application trials 
that will be dealt with in other subsequent detailed 
reports, the method of Saiki and Kling was not found 
to be fully applicable to plant tissue work. But 
with several modifications, the basic principle of 
rapid tissue dehydration, as outlined by these 
authors, has been satisfactorily applied to plant 
tissues. 

This time-saving rapid tissue dehydration process 
can easily be carried out by the following steps, 
briefly described in the following sequence, and by 
using whatever modifications may be necessary in 
individual cases. 

The plant material is cut to suitable (approx. 1 
square cm.) size and aspirated for approximately 
one-half hour, or somewhat longer if necessary. 
Aspiration is carried out in a solution made up of: 
alcohol, 70 parts; glacial acetic acid, 15 or 10 parts; 
and water, 20 or 15 parts. Higher glacial acetic 
acid concentrations may be necessary with tougher 
woody plant materials; and conversely, it may not 
be necessary to use the acid at all when working 
with very soft plant tissues, or ordinary animal 
tissues. 

By successive rinsings, avoiding air inclusion, the 
aspiration fluid is replaced completely with anhy- 
drous acetone, the dehydrating liquid. 

In contrast to the apparatus of Saiki and Kling, a 
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regular unmodified Soxhlet extraction apparatus is 
employed with the material for dehydration in ace- 
tone placed in a regular extraction thimble loosely 
covered with cotton. If circumstances necessitate, 
a suitable variation for a tissue holder can be im- 
provised that prevents the complete solvent run-off 
from the tissues; if for any reason, this may be 
objectionable. No difficulty has been encountered 
thus far in this respect by the writer. 

The necessary volume of acetone is poured into the 
extraction chamber and after assembling, a sufficient 
excess is added to permit satisfactory continuous 
operation, and to compensate for any loss of acetone 
through volatilization. 

Approximately 200 Gm. of Drierite' is placed 
into either a 500-cc. or 1-liter receiving flask to serve 
as a dehydrating agent. The extraction unit is as- 
sembled with the receiving flask, and with a cooling 
condenser. Only enough heat is used to volatilize 
the acetone, and the dehydration is carried out by 
the regular Soxhlet extraction procedure. 

Satisfactory dehydration of plant tissues is usually 
accomplished within a two to three-hour period, 
although certain difficultly dehydrated substances 
may take somewhat longer. 

After dehydration, the anhydrous acetone is re- 
placed with xylol or any of the other regularly used 
annydrous solvents; and the microtechnique process 
is continued with the conventional paraffin embed- 
ding, or with other similar methods as desired. 

Fresh plant tissues have been satisfactorily proc- 
essed into paraffin for sectioning in one day by the 
method described. 

This significant saving of time is not the only ad- 
vantage of rapid tissue dehydration achieved, al- 
though it is the principal one. For example, inter- 
esting histochemical fixations have resulted in stud- 
ies using the acetone rapid dehydration method. 
Certain cell content precipitations and localizations, 
the nature of which is yet undetermined, have been 
witnessed in a particular leaf tissue. Also, just as 
other workers have used this solvent to good ad- 
vantage in previous enzyme histochemical tech- 
niques, acetone could well be tried more generally 
for work in tissue culture techniques and in other 
enzyme histochemical studies. 

Another advantage of rapid tissue dehydration, 
not particularly because of the solvent employed, is 
the retention of easily loosened and ubliterated deli- 
cate structures gaine/| by the minimum amount of 
handling of the material. 

By employing several diverse types of plant ma- 
terials that continue to be the subjects of further 
expanded studies, the rapid tissue dehydration 
method has been found suitable under the conditions 
described and should be applicable for most micro- 
technique tissue processes. 
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A Note on the Detection of Ephedrine by Spot Test* 


By FRITZ FEIGL and ERNESTO SILVA 


POT TEST METHODS re not only just as reliable 
as the macromethods ,iven in pharmacopeias for 
the identification of medicinal and pharmaceutical 
preparations, but also posc¢s the great advantage 
of saving material, time, and effort. This fact has 
been mentioned previously (1) and methods for 
identifying certain compounds which had not pre- 
viously been noted in the pharmacopeias were pre- 
sented. As a supplement to this work, a new and 
quite specific test for ephedrine is described below, 
which is of interest in the testing of pressor sub- 
stances (sympathomimetic amines). 
Since alkali easily causes an hydramine cleavage 
of ephedrine and adrenaline according to the equa- 
tiors: 


>—CHOHCHCH; — 
NHCH; 


€ _S—COCH,CH; + NH:CH, (1) 


HO 


HoO—<__—-CHOHCH,NHCH; — 


HO 


Ho S—COCH, + NH:CH, (II) 


Tests for these two amines have been described 
(2), which are based on the detection of the mono- 
methylamine produced. The limits of detection by 
the spot test technique are 5, of ephedrine and 8y 
of adrenaline. When ephedrine alone is to be de- 
tected by the hydramine cleavage, the preliminary 
removal of adrenaline is necessary. This is easy to 
achieve, since ephedrine is very soluble in ether, 
while adrenaline is completely insoluble. In dealing 
with acid solutions of chlorides, sulfates, etc., one 
must, therefore, shake first with alkali and then 
with ether. 

It has been found that the hydramine cleavage 
of ephedrine, can be detected by making use of its 
behavior on pyrolysis in the presence of oxidizing 
agents. If ephedrine hydrochloride is evaporated 
to dryness in the presence of alkali and the dry resi- 
due heated over an open flame after being mixed 
with MnO,, PbO,, Pb;O,, MnzO,, or Co,0;, acetalde- 
hyde is split out. This is apparently the result of 
the oxidation of the phenylethyl ketone produced by 
the hydramine cleavage, according to the reaction: 


CsHsCOC;Hs + 20 - CsH;COOH + CH;CHO 
(IIT) 
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Schmidt (5) has found that phenylethyl ketone is 
split out on dry distillationo of chlorides of ephedrine 
and pseudo-ephedrine in a stream of CO, In accord 
with this, and with the oxidation according to 
(III), is the fact that ephedrine mixed only with 
excess CaO or MnO, and heated, gives off acetalde- 
hyde, although only in small quantities. The 
acetaldehyde formed by this pyrolytic oxidation 
can be identified in the gas phase by the test of 
Lewin (4) (blue color formation in a piperidine- 
sodium nitroprusside solution). 

Dry heating of ephedrine or its salts with sodium 
bismuthate (NaBiO,) has proved most suitable for 
performing the decomposition to acetaldehyde 
and for using it analytically. This basic com- 
pound of pentavalent bismuth acts simultaneously 
as an alkalizer to catalyze the hydramine cleavage 
and as an oxidizing agent for the phenylethyl ketone 
produced. The acetaldehyde is detected with a 
morpholine-sodium nitroprusside solution (3). 

Adrenaline in centigram quantities does not pro- 
duce any acetaldehyde, and hence it may te dis- 
tinguished from ephedrine absolutely. 

Procedure.—A minimal amount of the solid 
substance to be tested, or of the dry residue from a 
drop of a solution of the base or its salts is mixed 
with several centigrams of sodium bismuthate in a 
micro test tube. A piece of filter paper which has 
been moistened with a drop of the aldehyde reagent 
is placed over the open end of the tube, and the 
bottom is heated with a microflame. A positive 
test is shown by the formation of a circular blue 
spot on the yellow reagent paper. The intensity of 
the color depends on the quantity of ephedrine. 

When ephedrine is to be detected in very dilute 
solution it is best to put some glass powder into the 
tube, and to evaporate a drop of the test solution on 
this powder, after which the sodium bismuthate is 
added and mixed in. In this way one obtains good 
contact for the pyrolytic oxidation. Limit of de- 
tection: 5y ephedrine. 

Reagent.—A freshly prepared mixture of equal 
volumes of 20% water solution of morpholine and 
5% solution of sodium nitroprusside in water was 
used. 

It may be expected that Ephetonal (p-amino 
compound of ephedrine) will equally split off acet- 
aldehyde on pyrolytic oxidation. 

The user of the test described above should note 
that compounds with —OC;H; and >NC,H; 
groups also yield acetaldehyde on dry heating with 
sodium bismuthate, but in smaller amounts than 
does ephedrine. 
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ASK THE MAN FROM VANDERBILT... 
about enhancing your pharmaceuticals with VEEGUM 


VANDERBILT VEEGUM is an ideal physical 
conditioner for enhancing the quality, texture, 
consistency and shelf-life of pharmaceutical 
preparations. It is a completely stable, inor- 
ganic, nontoxic suspending and emulsifying 
agent with unique properties: 

For binding and disintegrating tablets, 
VEEGUM binds most effectively when used 
as an aqueous dispersion during granulation. 
Rapid disintegrating action will be obtained 
by adding most of the VEEGUM in dry form 
after granulation. 

For lubricating powders, add the VEE- 
GUM as a dry powder. Very little is needed 
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to impart, free-flowing characteristics. 
For suspending hy solids, take 
advantage of VEEGUM’S thixotropic proper- 
ties to give added suspending ability at lower 
viscosities than organic gums. 

For emusifying lotions and creams, use 
aqueous dispersions of VEEGUM, with or 
without heat. Small amounts will effectively 
stablize over a wide range of pH. 

For maintaining 7 de- 
pend on VEEGUM’S unique property of 
thickening slightly with heat to preserve orig- 
inal product consistency at higher than normal 
temperatures for extended periods of time. 
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Aluminum Hydroxide—Magnesium Carbonate 
Co-Precipitate Dried Gel Type F-MATI 


F-MAI11, a finely-divided, white powder consisting of a combination 
of aluminum hydroxide gel and magnesium carbonate, now makes it 
possible to make tablets or powders having extremely prompt and 
prolonged acid neutralizing action in the optimum pH range. For 
the first time, the pharmaceutical manufacturer can make a product 
for the ambulatory patient which will have all the desirable features 
heretofore only inherent in Aluminum Hydroxide Gel U.S.P. 


In vitro measurements of antacid activity, the graph above clearly 
demonstrates a favorable comparison with Aluminum Hydroxide Gel 
U.S.P. and a superiority over widely-accepted Aluminum Hydroxide 
Dried Gel U.S.P. 


ee / Write today for full data and samples 
REHEI of this newest Reheis antacid and buffer compound. 
x S 


a 





